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Abstract
We have summarized the current understanding and recently obtained findings about WZ Sge-type
dwarf novae. We also reviewed the historical development of the understanding of these objects, provided
the modern criteria, and reviewed the past research in relation to superhumps, early superhumps and the
outburst mechanism. We regard that the presence of early superhumps (reflecting the 2:1 resonance) and
long or multiple rebrightenings are the best distinguishing properties of WZ Sge-type dwarf novae. We
provided the updated list of nearly 100 WZ Sge-type dwarf novae mainly based on the data obtained by
the VSNET Collaboration up to Kato et al. (2015) and discussed the statistics. We could detect early
superhumps with amplitude larger than 0.02 mag in 63% of the studied WZ Sge-type dwarf novae, which
makes early superhumps a useful distinguishing feature for WZ Sge-type dwarf novae. Theoretical light
curves of early superhumps generally appear to reproduce the existence of many low-amplitude objects,
supporting the geometrical origin of early superhumps. Using the recently developed method of measuring
mass ratios using developing phase of superhumps (stage A superhumps), we showed that there is a linear
relation between the period variation of superhumps and the mass ratio in WZ Sge-type objects. By using
this relation, we were able to draw an evolutionary picture of a large number of WZ Sge-type and identified
the type of outburst to be an evolutionary sequence: type C → D → A → B → E, with some outliers for
type-B objects. The duration of stage A (evolutionary phase) of superhumps is also well correlated with
the estimated mass ratios. By using mass ratios from stage A superhumps and durarion of stage A, we
have been able to identify best candidates for period bouncers.
Key words: accretion, accretion disks — stars: novae, cataclysmic variables — stars: dwarf novae —
stars: evolution — surveys
1. Introduction
“How many WZ Sge-type dwarf novae are known?” —
this recent question by an acquainted astronomer was the
motivation of this paper.
WZ Sge-type dwarf novae (DNe) or WZ Sge-type ob-
jects are a class of SU UMa-type dwarf novae which is
a kind of cataclysmic variables (CVs) [For general infor-
mation of CVs, DNe, SU UMa-type dwarf novae and su-
perhumps, see e.g. Warner (1995)]. SU UMa-type dwarf
novae are defined by the presence of superhumps, which
have periods longer than the orbital period by a few per-
cent. SU UMa-type dwarf novae are known to show short,
normal outbursts and superoutbursts and superhumps are
always present during superoutbursts. WZ Sge-type dwarf
novae were originally proposed as a group of dwarf novae
with unusually high (∼8 mag) amplitudes and rare out-
bursts (approximately once a decade). The definition has
been changing as our knowledge improved, and currently
the definition is somewhat different from the original one.
In the 1990s, there were only a handful of WZ Sge-type
dwarf novae and they were generally considered to be a
rare population of dwarf novae or cataclysmic variables
— it was common knowledge among astronomers work-
ing in that epoch. Since 2004, however, the situation has
been dramatically changing thanks to the increased ac-
tivity of sky surveys and amateur astronomers, and the
number of WZ Sge-type dwarf novae discovered in a year
reached nearly ten in 2014. Since much information has
been collected since the last compilation of WZ Sge-type
dwarf novae (Kato et al. 2001) and collection of early su-
perhumps in various objects (Kato 2002), we are tempted
to review the recent progress of this field.
In this paper, we mainly focus on optical (and some-
times near-infrared) photometric observations and deal
with the current understanding of the outburst phe-
nomenon, superhumps and early superhumps, evolution-
ary status and related topics. We do not deal with other
interesting topics related to WZ Sge-type objects, such as
pulsation of the white dwarf (e.g. Warner, van Zyl 1998;
Szkody et al. 2010) and hard X-ray emission during out-
burst (e.g. Senziani et al. 2008). This paper also does
not deal with detailed spectroscopic analysis (including
Doppler tomograms), oscillations, ultraviolet and X-ray
observations.
The paper is loosely arranged in the order of the defi-
nition (and historical background), observations, theories
and interpretation. However, the topics are often related
each other, we put some theoretical background and short
interpretations in the observation part, so that readers can
know implications of observational features more easily.
In this paper, we use abbreviated names whose full
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names are listed in table 6. The data referred to as Kato
et al. (2009a)–Kato et al. (2015) include the public data
from the AAVSO International Database1.
2. Definition
2.1. Historical Development
When the class “WZ Sge-type dwarf novae” was first
proposed after the dramatic discovery of the second his-
torical outburst of WZ Sge (see e.g. Patterson et al. 1981),
two cataclysmic variables UZ Boo and WX Cet were re-
ported to comprise a distinct sub-group of the dwarf no-
vae together with WZ Sge (Bailey 1979). The proper-
ties of this subgroup were that they show (b1) large out-
burst amplitudes (approximately 8 mag), (b2) slow de-
clines from outbursts, and (b3) long intervals between
outbursts. Among these properties, (b1) and (b3) have
been generally used to define this class. The property
(b2) probably referred to the long duration of the out-
bursts (now confirmed to be superoutbursts) rather than
the decline rate itself. Observation of WX Cet in quies-
cence by Downes, Margon (1981) supported the spectro-
scopic similarity of WX Cet to WZ Sge proposed in Bailey
(1979).
Vogt, Bateson (1982) used in their famous atlas of
southern and equatorial dwarf novae a classification of
WZ Sge-type dwarf novae. This publication listed WX
Cet, AL Com, UZ Boo, V890 Aql and WZ Sge as WZ
Sge-type objects and RZ Leo, GO Com, V551 Sgr, YY
Tel, AO Oct and VY Aqr as candidate WZ Sge-type
objects. This list was selected by the low outburst fre-
quency and large outburst amplitudes, and some objects
were included simply due to the lack of observations or
overestimation of the amplitudes (among them, V890 Aql
turned out to be a chance mis-identification of an aster-
oid: Samus 1982a; Samus 1982b). Richter (1986b) also
suggested V358 Lyr to be a candidate WZ Sge-type dwarf
nova. Richter (1986a) provided a list of objects which
were considered to be WZ Sge-type dwarf novae. This
list consisted of VY Aqr, UZ Boo, WX Cet, AL Com,
DO Dra, V592 Her, RZ Leo, WZ Sge and BZ UMa and
was apparently selected by the long (more than 4 yr) re-
currence time. Mukai et al. (1990) listed BC UMa as an
object having properties similar to WZ Sge.
Downes (1990) provided a slightly modified set of prop-
erties: (d1) The duration of the outbursts is greater
(weeks, versus days in ordinary dwarf novae), (d2) the
time between outbursts is greater (years versus months),
and (d3) the size of the outbursts is greater (6–8 mag vs
2–5 mag). Downes (1990) also listed a possible property
(d4) the strengths of their emission lines in quiescence are
greater than those of typical dwarf novae.
O’Donoghue et al. (1991) studied WX Cet in detail.
After a comparison of objects suggested to be similar to
WZ Sge, O’Donoghue et al. (1991) concluded that there
is no reason to retain the distinction between WZ Sge
and SU UMa subclasses of dwarf novae. The conclusion
1 <http://www.aavso.org/data-download>.
was mainly drawn from the presence of normal (short)
outbursts and superhumps in what were supposed to be
WZ Sge-type objects — these properties were then con-
sidered as properties common to SU UMa-type dwarf no-
vae. O’Donoghue et al. (1991), however, summarized the
objects listed in Vogt, Bateson (1982), Richter (1986a),
Downes (1990) and Mukai et al. (1990) and provided a
convenient list of “properties of possible, probable and cer-
tain WZ Sge stars”, which has, rather ironically, become
the prototypical collection of WZ Sge-type candidates.
It would be noteworthy that these “classical” definitions
did not include the lack (or rarity) of short outbursts,
which has long been discussed particularly in WZ Sge.
2.2. Tremendous Outburst Amplitude Dwarf Novae
In the late 1980s, observations of faint CVs with
CCDs became more popular (e.g. Howell, Jacoby 1986).
Howell’s group systematically observed previously ne-
glected faint CVs in high Galactic latitudes and found
many short-period systems (Howell et al. 1987; Howell,
Szkody 1988; Howell et al. 1988; Szkody et al. 1989;
Howell, Szkody 1990; Howell et al. 1990). During the
course of these surveys, Howell, Szkody (1990) noticed
that (for systems below the period gap) the mean out-
burst amplitude for the halo dwarf novae is 3 mag greater
than for the disk dwarf novae. They finally reached a
concept of “tremendous outburst amplitude dwarf novae”
or TOADs (Howell et al. 1995a). The term TOADs was
sometime used as a synonym of WZ Sge-type dwarf novae.
Both the historical definitions (subsection 2.1) and
TOADs, however, suffered from strong contamination of
ordinary SU UMa-type dwarf novae, since they were pri-
marily based on the amplitude of outbursts (especially in
TOADs, the amplitude was the sole criterion) and the sec-
ond proposed prototype, WX Cet, was, after all, shown to
be a rather normal SU UMa-type dwarf nova (O’Donoghue
et al. 1991; Rogoziecki, Schwarzenberg-Czerny 2001; Kato
et al. 2001a) whose historical outbursts were missed likely
due to poor observational conditions. There were many
similar cases, such as VY Aqr (della Valle, Augusteijn
1990; Augusteijn 1994; Patterson et al. 1993).
Such a contamination of ordinary SU UMa-type dwarf
novae to the proposed subclass unavoidably blurred the
border, if any, between SU UMa-type and WZ Sge-type
subclasses and complicated the discussion. It was a nat-
ual consequence that the distinction between WZ Sge and
SU UMa subclasses could not be confirmed (O’Donoghue
et al. 1991). O’Donoghue et al. (1991) even stated that
the extreme behavior of the WZ Sge stars is not a result of
the approach of the secondary towards the limit of its evo-
lution as a non-degenerate star at an orbital period (Porb)
of ∼80 min, perfectly contrary to the current understand-
ing. This conclusion was probably a result of inclusion of
DO Dra, which is an outbursting intermediate polar with
long cycle lengths (Patterson et al. 1992; Wenzel 1983);
the contamination by various classes of objects apparently
seriously damaged the discussion around that time.
The case for TOADs was even more serious, since they
were classified only by the amplitude of outbursts, and
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Patterson et al. (1996) severely criticized the distinction
of dwarf novae by outburst amplitudes by showing the
continuous distribution of outburst amplitudes.
2.3. Early Superhumps
In the meantime, several objects which had been pro-
posed to be similar to WZ Sge-type dwarf novae under-
went a dramatic outburst. This epoch coincided with the
second-stage progress of CCD photometry in CV research:
using small telescope(s) and CCD to detect short-term
variations during outburst, which was first systematically
conducted by the author (e.g. Kato et al. 2004c).
The first case was in HV Vir in 1992 April (Schmeer
et al. 1992). During the early stage of the out-
burst2, double-wave periodic modulations were detected.
Although these modulations were detected independently
by different groups (Barwig et al. 1992; Mendelson et al.
1992; Leibowitz et al. 1994 and our group), the distinction
of these modulations from (ordinary) superhumps should
await yet another object. Our result of HV Vir in 1992
was published in Kato et al. (2001) following modern in-
terpretation.
The second case was in AL Com in 1995 [although there
were outbursts of LL And in 1993 December (Kato 2004;
Howell, Hurst 1996) and UZ Boo in 1994 August (cf. Kato
et al. 2001), the observational condition for these objects
was not favorable enough to securely characterize the na-
ture of these objects]. The 1995 outburst of AL Com was
well-observed and the existence of double-wave modula-
tions during the early stage of the outburst was estab-
lished (Kato et al. 1996; Patterson et al. 1996; Howell
et al. 1996; Nogami et al. 1997). Patterson et al. (1996)
suggested that their period is almost same as the orbital
period.
These double-wave modulations having period equal to
the orbital period were also recorded in the 1978–1979
outburst of WZ Sge (Patterson et al. 1981), and they were
started to be recognized as properties unique to WZ Sge-
type dwarf novae (cf. Matsumoto et al. 1998). These
modulations were called early superhumps (Kato et al.
1996), outburst orbital humps (Patterson et al. 1996) or
superorbital modulations (Howell et al. 1996). Since the
term “superorbital period” is now widely used in different
meaning in X-ray binaries (e.g. Ogilvie, Dubus 2001), the
last name is rather confusing and is not used for these
double-wave modulations during outburst. Osaki, Meyer
(2002) proposed to use “early humps”. Now the term
“early superhumps” appears to be used most frequently
and we use this term in this paper.
The common existence of early superhumps almost ex-
clusively in dwarf novae with infrequent large-amplitude,
long-lasting outbursts became clearer as new observa-
tions became available. Although early observations are
still somewhat less clear (EG Cnc in 1996 November-
December: Matsumoto et al. 1998; Patterson et al. 1998;
2 Most of outbursts in WZ Sge-type dwarf novae are superout-
bursts. In this paper, the outburst of this class actually refers
to superoutburst (for easier readability) unless otherwise men-
tioned.
Kato et al. 2004a), RZ Leo in 2000 December Ishioka et al.
2001), two dramatic outbursts of WZ Sge in 2001 July
and AL Com in 2001 May (Ishioka et al. 2002; Patterson
et al. 2002; Kato et al. 2009a) led to secure and impressive
detection of these modulations. After these detections,
early superhumps have been regularly detected in dwarf
novae with similar systems and the existence of early su-
perhumps gradually became the defining characteristics of
WZ Sge-type dwarf novae.
This classification received support from theoretical
consideration. Osaki, Meyer (2002) identified early su-
perhumps as manifestation of the 2:1 resonance [note that
Lin, Papaloizou (1979) was the first to point out that dou-
ble peaked light curve in WZ Sge can be related to the 2:1
resonance]. This resonance is almost impossible to achieve
for ordinary SU UMa-type dwarf novae, and only objects
with extreme mass-ratios are expected to show early su-
perhumps. The modern definition of WZ Sge-type dwarf
novae showing early superhumps as manifestation of the
2:1 resonance is favorable in several respects: (1) it is
based on the physical mechanism involved in variation,
(2) the double-wave profile of early superhumps is very
characteristic and they can be identified even if the or-
bital period is not known, and (3) the objects showing
these early superhumps comfortably fit the classical defi-
nition of WZ Sge-type dwarf novae. As discussed later, the
appearance of early superhumps is inclination-dependent
and it is problematic that not all objects achieving the 2:1
resonance show early superhumps. Although it is widely
accepted that objects showing early superhumps (persist-
ing at least several days) are classified as WZ Sge-type
dwarf novae, the classification is somewhat ambiguous for
objects without detectable early superhumps.
2.4. Rebrightenings
Since the early period on, the complexity of outburst
light curves of WZ Sge-type dwarf novae (and candidates)
received attention. A short (∼1 d) dip was noticed in AL
Com as early as Bertola (1964). Ortolani et al. (1980)
also noticed a similar dip in WZ Sge during the 1978–
1979 outburst of WZ Sge. Richter (1982) stated that dips
in the declining branches of the outbursts might be a dis-
tinctive feature of WZ Sge-type stars (cf. Richter 1992).
Duerbeck (1987) and Howell, Szkody (1988) also remarked
on this phenomenon. A collection of light curves showing
a variety of complexity can be seen in Richter (1992).
Although the dip phenomenon was recorded in WZ Sge
and AL Com, the phenomenon now referred to as rebright-
enings (or echo outbursts) received attention since the de-
tection of two rebrightenings in an X-ray transient V518
Per = GRO J0422+32. Kuulkers et al. (1996) suggested
that X-ray transients and WZ Sge-type dwarf novae (re-
ferred to as TOADs in their paper) have common char-
acteristics by presenting the two post-outburst rebright-
enings in UZ Boo which underwent an outburst in 1994.
Although this conclusion was based on visual observations
and the existence of multiple rebrightenings in UZ Boo
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was somewhat doubtful3, the existence of four rebrighten-
ings was confirmed during the 2003–2004 and 2013 out-
bursts (Kato et al. 2009a; Kato et al. 2014a).
The epoch-making phenomenon was the outburst of EG
Cnc in 1996 November-December. Six rebrightenings were
detected by a large collaboration mainly conducted by the
VSNET team (Kato et al. 2004c). The phenomenon was
announced in real-time on the internet and a theoretical
paper Osaki et al. (2001) was issued with a reference to
our preprint.
Since then, a long rebrightening similar to those in
WZ Sge and AL Com was recorded in CG CMa (Kato
et al. 1999). Recent observations have indicated WZ Sge-
type dwarf novae are frequently associated with multiple
rebrightenings (see e.g. Nakata et al. 2013b), and this
phenomenon has been considered to be potential defining
characteristics of WZ Sge-type dwarf novae. Some au-
thors classify objects with multiple rebrightenings as WZ
Sge-type dwarf novae (Mroz et al. 2013). The physical
mechanism of multiple rebrightenings, however, is not as
well understood as early superhumps, and it is not known
whether ordinary SU UMa-type dwarf novae never show
multiple rebrightenings.
2.5. Modern Criteria
In recent years, objects with large-amplitude outbursts
(typically ∼8 mag, at least greater than 6 mag) that ex-
hibit early superhumps at least for several days during
the early stage of long outbursts have been unambiguously
classified as WZ Sge-type dwarf novae. As theory predicts
(Osaki, Meyer 2002), some low-inclination systems do not
show detectable early superhumps. In such cases, the ex-
istence of a long-duration segment (approximately 10 d or
more) without short-term photometric variations before
starting to exhibit ordinary superhumps has been usually
considered as a signature of “unobservable” early super-
humps. Objects showing large-amplitude outbursts with
this signature have been usually identified as WZ Sge-type
dwarf novae although there is currently no way to confirm
that the 2:1 resonance is indeed working. The presence
of multiple rebrightenings is considered to be supportive
evidence.
These criteria general match the historical category.
The shortest measured intervals of long outbursts in ob-
jects satisfying these criteria is slightly over 4 yr (EZ Lyn;
Pavlenko et al. 2012; Kato et al. 2012a and OT J213806;
Kato et al. 2015), and one exceptional case of ∼450 d AL
Com in 2013 and 2015, the latter lacked the stage of early
superhump but showed a long rebrightening.
The problem of this criteria will be discussed later.
3 Later examination of the AAVSO observations indicated mixed
detections and non-detections of rebrightenings around the same
epoch, making it difficult to determine which observations were
true detections of rebrightenings.
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Fig. 1. Year of recognition of WZ Sge-type properties. The
sample is the objects in table 6. Note that the year 2015
includes only January.
.
3. Statistics
3.1. Discovery Statistics
Figure 1 indicates the discovery statistics of WZ Sge-
type objects. The year when the WZ Sge-type nature (in
the modern sense) was recognized is used to draw this fig-
ure. Up to 2000, WZ Sge-type object were rare objects
and they were sometimes called by “the n-th WZ Sge-type
object”. There has been a dramatic increase of the num-
ber since 2004, when ASAS-3 (Pojman´ski 2002) started
discovering new WZ Sge-type objects. In recent years, the
tendency is more striking after the increase of discovery by
CRTS (Drake et al. 2009), MASTER (Gorbovskoy et al.
2013) and ASAS-SN (Shappee et al. 2014; Davis et al.
2015). In the most recent year of 2014, the contribution
of the surveys are: CRTS (1), MASTER (1), ASAS-SN (9)
and amateur discoveries (6). Although ASAS-SN has been
discovering a great number of WZ Sge-type objects, wide-
field survey of bright transients by amateur astronomers
still has a great impact in this field.
3.2. Maximum Magnitude
Figure 2 shows the distribution of maximum recorded
magnitudes. Note that true maxima were not always
recorded. Although the incompleteness becomes more ap-
parent for objects fainter than magnitude 13, the detec-
tion is already apparently incomplete even brighter than
magnitude 10 since it is well-known that uniformly dis-
tributed stars have a number count logN(m) = 0.6m+C,
where m is the magnitude and N(m) is the number of
stars having apparent magnitudes brighter than m. This
relation expects a threefold increase of objects by one mag-
nitude. The data suggest that only half of WZ Sge-type
objects having maximum magnitudes 9–10 mag have been
discovered.
Just for completeness, we have studied the distribution
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Maximum recorded magnitude
Magnitude
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Fig. 2. Distribution of maximum recorded magnitudes. The
sample is the objects in table 6.
of the months when these objects were recognized. The
smallest number is five in May and the largest number
is 12 in November. A χ2-test yielded a p-value of 0.58,
indicating that the distribution cannot be considered as
strongly different between different months. This is prob-
ably a result of significant contribution of southern ob-
servers and modern surveys in the southern hemisphere.
3.3. Outburst Amplitude
Figure 3 shows the distribution of outburst amplitudes.
This figure can be compared to figure 13 (distribution of
outburst amplitude of all dwarf novae) in Patterson et al.
(1996), who criticized the concept of TOADs by indicat-
ing that the distribution of amplitudes makes a smooth
continuum. Although we no longer use the amplitude as
the primary criterion of WZ Sge-type dwarf novae, it is
evident that WZ Sge-type dwarf novae occupy the region
with largest outburst amplitudes. The lower 75% quantile
is 6.9 mag, indicating that the majority of WZ Sge-type
dwarf novae have outburst amplitudes larger than 7 mag.
The median value is 7.7 mag.
The largest value (9.5 mag) is recorded in SSS J224739.
Since the measurement of outburst amplitudes is severely
limited for large-amplitude systems and fainter objects,
the present statistics is severely biased for objects with
smaller amplitudes. Measurements of more reliable qui-
escent magnitudes to determine the amplitudes are de-
sired for many less-studied objects, although WZ Sge-type
dwarf novae usually stay 1 mag or more brighter than the
pre-outburst (for example, V455 And has not returned to
the pre-outburst level even six years after the 2007 out-
burst according to the CRTS data), these measurements
would require additional years.
The objects with smallest values are V1108 Her, EZ
Lyn, EG Cnc, PT And, SDSS J161027 and SS LMi. The
quiescent magnitude of V1108 Her is difficult to measure
due to the close companion. The magnitudes are approx-
imate for PT And and SS LMi, and may be underesti-
mated (or these objects may be borderline objects). EZ
Outburst Amplitude
Outburst Amplitude
Fr
eq
ue
nc
y
5 6 7 8 9
0
5
10
15
Fig. 3. Distribution of outburst amplitudes. The sample is
the objects in table 6 and objects with lower limit for the
amplitude are excluded.
Lyn is an eclipsing system and the outburst amplitude is
expected to be smaller than if the object were seen from
pole-on. Considering these examples, many of WZ Sge-
type objects with low outburst amplitudes in this survey
may not reflect the true strength of the outburst. This
would strengthen that the majority of WZ Sge-type ob-
jects have amplitudes larger than 7 mag. EG Cnc would
worth attention. This object showed multiple rebrighten-
ings. While Patterson et al. (1998) suggested this object
to be a candidate period bouncer (see subsection 7.8),
Nakata et al. (2013b) showed that objects with multiple
rebrightenings are not necessarily good candidates for pe-
riod bouncers. Determination of physical parameters and
detailed observations of the next superoutburst of this ob-
ject are still highly desired.
3.4. Orbital Periods
Figure 4 illustrates the distribution of the orbital peri-
ods of WZ Sge-type dwarf novae. For the objects with-
out orbital periods (or periods of early superhumps), we
estimated them using the updated relation between the
orbital and superhump periods (PSH, equation 6 in Kato
et al. 2012a). The WZ Sge-type dwarf novae mostly have
orbital period shorter than 0.06 d and comprise the re-
cently identified “period spike” of the CV period distri-
bution (Ga¨nsicke et al. 2009; Kato et al. 2015). The 50%
quantiles of the distribution is 0.0553–0.0592 d and the
median value is 0.0569 d. There are several outliers, which
are either long-period systems (long-period objects hav-
ing properties common to the short-period WZ Sge-type
dwarf novae) or the EI Psc-type object with the evolved
secondary core.
3.5. Intervals between Superoutbursts
Figure 5 shows the distribution of intervals between
superoutbursts using the data in table 6. If multiple
outbursts were recorded in the same object, significantly
(more than twice) longer intervals were not used since out-
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Orbital Period
Orbital Period (d)
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Fig. 4. Distribution of orbital periods. The sample is the
objects in table 6. For the objects without orbital periods (or
periods of early superhumps), we estimated them using the
updated relation between the orbital and superhump periods
(equation 6 in Kato et al. 2012a).
bursts were likely missed by the lack of observations be-
tween these outbursts. Of course, not all outbursts were
detected in the objects with multiple known outbursts and
these values contain intervals longer than the actual ones.
Instead, many objects have only one outburst detections
and it is impossible to determine the intervals. If there are
recently discovered objects with cycle lengths longer than
10 yr, they are less likely included in this figure. Keeping
these restrictions in mind, we can see that the majority
of WZ Sge-type objects have shorter recurrence time than
the 23–33 yr in WZ Sge. The median value is 11.5 yr.
The shortest known interval between well-confirmed su-
peroutbursts in WZ Sge-type objects is 450 d in AL Com
(Kimura et al. 2015; not included in this statistics).
3.6. Normal Outbursts
The absence of normal outbursts has frequently been
a defining characteristics of WZ Sge-type objects. This
is still true for WZ Sge (see, however, a discussion is
Patterson et al. 1981; there are still gaps in observation
and we cannot exclude a possibility of a short normal out-
burst). Normal outbursts have been recorded in some ob-
jects: AL Com [1974? and 2003 (Kato et al. 2014a)], EG
Cnc [2009 (Templeton 2009, Lange 2010)], RZ Leo [1989
(O’Donoghue et al. 1991)], although RZ Leo may be better
classified as a long-period system (subsection 7.9). Based
on the present statistics, normal outbursts are indeed rare,
if not absent, in WZ Sge-type objects.
3.7. Eclipsing Systems
Among nearly 100 WZ Sge-type objects in table 6, only
four systems are eclipsing. It is also worth noting only two
systems (EZ Lyn and MASTER J005740) were shown to
be strongly eclipsing during outbursts [eclipses in WZ Sge
were apparent only in certain stages or beat phases of out-
bursts, cf. Patterson et al. (2002)]. If the orbital planes
Outburst Interval
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8
Fig. 5. Distribution of intervals between superoutbursts.
The sample is the objects in table 6. If multiple outbursts
were recorded in the same object, significantly (more than
twice) longer intervals were not used since outbursts may have
been missed by chance between these outbursts. Long-period
objects and EI Psc-type object are not included.
are randomly orientated, we can expect 25% objects are
eclipsing if objects with inclinations more than 75◦ are
observed as eclipsing systems (the value is from Araujo-
Betancor et al. 2005a). The fractions will be 17% and
9% if the inclination limits are 80◦ and 85◦, respectively.
The observed eclipsing systems are too few compared to
this expectation. This may be a combination of (1) pos-
sible selection effect that highly inclined systems are less
luminous in outburst, and are less frequently detected as
transients or less frequently observed to search for super-
humps, and (2) WZ Sge-type systems have very extended
accretion disks during the stage of early superhumps, and
it is difficult to distinguish the profile of eclipses from that
of early superhumps (for numerical model calculations,
see Uemura et al. 2012, Kato et al. 2014a). The selec-
tion effect (1) is probably a minor contribution since many
eclipsing SU UMa-type dwarf novae have been discovered.
We can expect observations of these WZ Sge-type dwarf
novae in quiescence will identify more eclipsing systems.
4. Phenomenon in Outbursting WZ Sge-Type
Dwarf Novae
4.1. Outburst Morphology and Rebrightenings
The initial part of the superoutburst of WZ Sge-type
dwarf novae usually has a steeper decline (this period
approximately corresponds to the period with early su-
perhumps), and this part is the viscous depletion period
(cf. Osaki 1995a; Osaki, Meyer 2003) which has a power-
law type (faster than exponential) decay (Cannizzo et al.
1990; Cannizzo 1996). After this phase, the outburst en-
ters the exponential decline phase (slow decline; subsec-
tion 4.5). This part of the light curve is essentially the
same as those of ordinary SU UMa-type dwarf novae. WZ
Sge-type dwarf novae, however, show a variety of post-
outburst rebrightenings or “dips” in the light curve as
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already introduced in subsection 2.4.
Imada et al. (2006) was the first to classify the mor-
phology of rebrightenings. The fours classes are: type-
A outbursts (long-duration rebrightening), type-B out-
bursts (multiple rebrightenings), type-C outbursts (single
rebrightening) and type-D outbursts (no rebrightening).
Originally, type-A outburst was introduced due to the
similarity of light curves between WZ Sge and AL Com. A
more closer examination, however, indicated that the 2001
outburst of WZ Sge is composed of low-amplitude multi-
ple rebrightenings (Patterson et al. 2002; Osaki, Meyer
2003; Kato et al. 2009a), and it looks like that type-A
and type-B form a smooth continuum (Meyer, Meyer-
Hofmeister 2015). For this reason, we write type-A/B
for outbursts with a long-duration rebrightening com-
posed of low-amplitude multiple rebrightenings. There
are, however, long-duration rebrightenings without de-
tectable low-amplitude multiple rebrightenings (such as
AL Com in 2013), and we refer them as type-A. Modern
examples of “textbook” light curves are shown in figures
6, 7, 8. For type-B (and type-A/B) outbursts, Meyer,
Meyer-Hofmeister (2015) provided an excellent summary
of light curves and relationship between the amplitudes
and intervals of rebrightenings.
Type-E was introduced by Kato et al. (2014b) after the
detection of two objects with double superoutbursts (SSS
J122221: Kato et al. 2013b; OT J184228: Kato et al.
2013a). An example is shown in figure 9. These objects
are considered to be good candidates for period bouncers
(Kato et al. 2013b).
4.2. Reproducibility of Rebrightening
It has not been well investigated whether the same star
shows or tends to show the same type of rebrightenings.
Although a comparison of the 1913, 1946 and 1978–1979
outbursts of WZ Sge seemed to show noticeable difference
between outbursts (Patterson et al. 1981), this study was
before the recognition of rebrightening phenomenon and
the presentation of the data may have been biased. The
AAVSO page4 described “this may be due to the lack of
data for the 1946 outburst since the decline and recovery
is fast, if there is no continuous data it would be easy to
miss” and the seeming difference between different out-
bursts may have been caused by lack of observations.
In other objects, Uemura et al. (2008b) observed the re-
brightening part of AL Com and reported the rebrighten-
ing in 2007–2008 was composed of discrete short outbursts
in contrast to the 1995 and 2001 ones. The most recent
comparison of different outbursts in AL Com suggests that
the rebrightening in this object tends to be reproducible,
and the rebrightening in 2007–2008 was composed of small
brightenings with amplitudes less than 1 mag, which is
not different from the type-A/B rebrightening in WZ Sge
in 2001 (Kato et al. 2014a). AL Com underwent an un-
usually faint superoutburst in 2015, but showed type-A
rebrightening (Kimura et al. 2015).
Objects with discrete short outbursts (type-B rebright-
4 <http://www.aavso.org/vsots wzsge>.
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Fig. 6. Upper: 2013 superoutburst of AL Com (type-A re-
brightening). The data are taken from Kato et al. (2014a).
The data points were binned to 0.019 d for the superoutburst
and to 1 d after the superoutburst. Lower: 2001 superout-
burst of WZ Sge (type-A/B rebrightening). The data are
taken from Kato et al. (2009a). The data points were binned
to 0.019 d for the superoutburst and to 1 d after the super-
outburst.
enings) tend to show the same type of rebrightenings in
the cases when multiple outbursts were recorded, although
the number of such objects has been still small. The num-
bers of rebrightenings, however, can vary. These objects
are UZ Boo (1993, 2004: Kuulkers et al. 1996, Kato et al.
2009a), EZ Lyn (2006, 2010: Pavlenko et al. 2012; Kato
et al. 2012a).
In OT J213806, with type-D outbursts, remarkably dif-
ferent features (particularly the duration of the plateau
phase) were observed between the 2010 and 2014 out-
bursts (Kato et al. 2015). Neither outburst, however,
showed a rebrightening.
4.3. Case Study of WZ Sagittae
We examine here the historical outbursts of WZ Sge.
The observations for 1913 and 1946 shown in Patterson
et al. (1981) were from observations in Mayall (1946)
rather than from the AAVSO database as referred to in
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Fig. 7. Upper: 2010 superoutburst of EZ Lyn (type-B re-
brightening). The data are taken from Kato et al. (2012a).
The data points were binned to 0.019 d before BJD 2455509
and to 1 d after this. Lower: 2012 superoutburst of MASTER
J211258 (type-B rebrightening). The data are taken from
Nakata et al. (2013b). The data points were binned to 0.019 d.
the paper.
We first examined the magnitude scale since there was a
possibility of systematic difference from the modern scale
(cf. footnote 4 of Kato et al. 2001). The magnitudes
of photographic comparison stars listed in Mayall (1946)
have been found to agree to Tycho-2 B magnitudes or
CCD B magnitudes for fainter stars within 0.2 mag. It
has been confirmed that the 1913 and 1946 observations
recorded the object in a system equivalent to the modern
B band. AAVSO observations of the 2001 outburst sug-
gest that WZ Sge had B − V = −0.1 and U −B = −1.0
1 d after the maximum. If the 1913 and 1946 photo-
graphic plates correctly reproduced the modern B-band,
the recorded maxima were brighter than the later ones in
1978 and 2001. If the plates had sensitivity to the U light,
the recorded brighter magnitudes in 1913 and 1946 may
have been attributed to the sensitivity, and the outburst
amplitude may be overestimated of we treat the magni-
tudes of the 1913 and 1946 outbursts as V magnitudes.
We examined the light curve of the rebrightening part.
260 265 270 275 280 285 290 295 300
10
12
14
16
18
Type C: FL Psc (2004)
200 210 220 230 240 250 260
8
10
12
14
16
Type D: GW Lib (2004)
Fig. 8. Upper: 2004 superoutburst of FL Psc (type-C re-
brightening). The data are taken from Kato et al. (2009a).
The data points were binned to 0.019 d. Lower: 2007 super-
outburst of GW Lib (type-D rebrightening). The data are
taken from Kato et al. (2009a). The data points were binned
to 0.019 d.
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Fig. 9. 2011 superoutburst of OT J184228 (type-E rebright-
ening). The data are taken from Kato et al. (2013a). The
data points were binned to 0.019 d.
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Since the original magnitudes were not available in pub-
lication, we have extracted the values from the figures in
Mayall (1946). The errors of dates and magnitudes were
expected to be less than 1 d and 0.1 mag, respectively,
and will not affect the following discussion. We also used
the AAVSO database for visual observations of the 1946
outburst.
The comparison is shown in figure 10. In this figure,
the start of the 2001 superoutburst was artificially shifted
by 4 d. This measure was based on recent two examples
(OT J213806: Kato et al. 2015 and AL Com: Kimura
et al. 2015) in which superoutbursts of different extent
were observed and the difference between superoutbursts
has been found in the duration of the early part of the
superoutburst. The result indicates that the light curves
of the 1978 and 2001 superoutbursts are very similar with
a fluctuating long rebrightening, except that the initial
part of the 2001 is shorter. This characteristics is in good
agreement with OT J213806 in 2010 and 2014. Although
the light curve of the 1946 in Patterson et al. (1981) looks
like to show the absence of rebrightening(s), we should
note that there was a gap of observations for 8 d in Mayall
(1946). Two AAVSO observations during this gap showed
brighter (12.0–12.5) magnitudes. Although these visual
observations at faint magnitudes may have not been very
reliable, we cannot rule out the possibility of a rebright-
ening during this gap. A long rebrightening can be safely
excluded. The 1913 superoutburst was not very densely
observed. Since the other three superoutbursts experi-
enced rapid fading 24–29 d after the peak brightness, we
consider it highly likely that the object faded after the
second final observation at 26 d. If this is the case, the
final observation was obtained during a rebrightening.
In summary, although there was strong evidence against
the presence of a long rebrightening in the 1946 superout-
burst, the other three superoutburst (certain for the 1978
and 2001 ones) showed similar rebrightenings.
4.4. Properties of Rebrightenings
The basic properties of repetitive rebrightenings are
summarized in Meyer, Meyer-Hofmeister (2015). Since
Meyer, Meyer-Hofmeister (2015) only dealt with multiple
rebrightenings (our type B or A/B), we deal with them
first. We provide an updated table in table 1 This ta-
ble only includes type-B objects in our category and does
not include type-A/B and “mini-rebrightenings” in the SU
UMa-type object V585 Lyr (not classified as a WZ Sge-
type object in this paper). For the objects listed in this
table, the values in Meyer, Meyer-Hofmeister (2015) were
included without modification. For references of other ob-
jects, see table 6.
The number of rebrightening ranges from 2 to 11 (12,
including WZ Sge as in Meyer, Meyer-Hofmeister 2015).
The amplitude is positively correlated with intervals (see
figure 5 in Meyer, Meyer-Hofmeister 2015). Our new ob-
ject 1RXS J023238 gives a support, while OGLE-GD-DN-
014 shows a smaller amplitude. It may be that OGLE-
GD-DN-014 may belong to a population different from
short-period WZ Sge-type objects (see a comment in ta-
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Fig. 10. Comparison of superoutbursts of WZ Sge. The data
were binned to 1 d and shifted in magnitude. The dashed
lines are added when continuous data are available to aid rec-
ognizing the variation. The data for the 2001 superoutburst
were from our CCD data (Ishioka et al. 2002). The data for
the 1978 superoutburst were from AAVSO observations. The
data for the 1946 superoutburst were from Mayall (1946) and
AAVSO observations. The data for the 1913 superoutburst
were from Mayall (1946). The start of the 2001 superoutburst
was artificially shifted by 4 d so that the time of the “dip”
generally agree to the others.
Table 1. WZ Sge-type objects with multiple rebrightenings
Object Year Nreb
∗ treb
† ∆m
[d] [mag]
UZ Boo 1994 ≥2 – –
UZ Boo 2003 4 3.6 2.4:
UZ Boo 2013 4 4.0 3.0
DY CMi 2008 6 4.7 2.9
EG Cnc 1996 6 7.3 3.3
VX For 2009 5 4.5 2.9
QZ Lib 2004 4 5.5 2.8
EZ Lyn 2006 11 2.7 1.6
EZ Lyn 2010 6 4.9 2.5
EL UMa 2010 ≥5 4.0 2.2
1RXS J023238 2007 ≥4 9.2 3.7
ASASSN-14cv 2014 8 4.1 2.7
MASTER J085854 2015 2 4.9 2.5
MASTER J211258 2012 8 4.7 2.6
PNV J171442 2014 5 4.3 1.9
TCP J233822 2013 2 4.9 2.0
OGLE-GD-DN-001 2007 4 5.0 2.8
OGLE-GD-DN-014 2006 2 10.1 2.5
∗Number of rebrightenings.
†Average interval of rebrightenings.
‡Average amplitude of rebrightenings.
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Meyer, Meyer-Hofmeister (2015) also noted basic prop-
erties of multiple rebrightenings: (1) the minimum lumi-
nosity of the rebrightenings is higher than the quiescence
level, (2) the maximum luminosity is on a smooth exten-
sion of the decline from the main superoutburst and the
minimum luminosity decreases in parallel to the maximum
luminosity (somewhat rephrased and supplemented by our
own interpretation of the data), (3) (they usually show)
more rapid brightness increase and the slower brightness
decrease.
These properties are mostly general to rebrightenings.
There are, however, some exceptional cases. In EG Cnc,
the initial five rebrightenings had rapid brightness in-
crease, suggesting outside-in type outbursts, while the
final one had slower brightness increase, suggesting an
inside-out type outburst (Kato et al. 2004a). Following
the first rebrightening of EG Cnc, there was a small and
slowly rising rebrightening, which did not reach the bright-
ness of other rebrightenings (Kato et al. 2004a). In EG
Cnc, the interval of the final rebrightening was longer than
the others, and a similar trend was seen in the final re-
brightening of EZ Lyn in 2010 (figure 35 in Kato et al.
2012a) the type-A/B object WZ Sge (figure 36 in Kato
et al. 2012a).
In well-observed systems, superhumps are continuously
seen during the rebrightenings. The amplitudes of super-
humps are inversely correlated with the system brightness
(e.g. Patterson et al. 1998; Patterson et al. 2002), and the
pulsed flux of the superhumps was almost constant despite
large variation due to rebrightenings. There was some ev-
idence that the flux of the superhumps decreases before
the termination of the rebrightening phase (figures 35, 36
in Kato et al. 2012a).
In cases of long rebrightenings without (type-A out-
burst), the long rebrightening is often associated by a
precursor outburst and superhumps look like to appear
and evolve again during the rebrightening [AL Com:
Nogami et al. (1997), Kimura et al. (2015); CSS J174033:
T. Ohshima et al. in preparation; ASASSN-13ax and
ASASSN-13ck showed a deep fading after the initial rise
(Kato et al. 2014b)]. The rising phase of the rebrightening
in the 1995 outburst of AL Com was slow, suggesting that
it was an inside-out type outburst Nogami et al. (1997).
We found “mini-rebrightenings” between the main su-
peroutburst and the single rebrightening in the Kepler
data of V585 Lyr (ordinary SU UMa-type dwarf nova)
(Kato, Osaki 2013a). Although this phenomenon was re-
produced in the second recorded superoutburst in Kepler
data, we still do not have corresponding data in other ob-
jects in the ground-based observations. It is not known
whether the same phenomenon is present in WZ Sge-type
objects.
4.5. Slow Fading Rate
Cannizzo et al. (2010) reported that the fading rates of
WZ Sge is much faster than the Kepler objects, V344 Lyr
and V1504 Cyg, and suggested that this different could
arise from the strong dependence of the viscosity in quies-
cence. Cannizzo et al. (2010) interpreted that smaller vis-
cosity in quiescence gives rise to a larger surface density at
the start of the superoutburst and hence a steeper viscous
decay. His analysis, however, used different segments be-
tween ordinary SU UMa-type dwarf novae (linearly fading
part) and WZ Sge (initial rapid fading). When restricted
to linearly fading part, Kato et al. (2014b) found no dif-
ference of fading rates between ordinary SU UMa-type
dwarf novae and WZ Sge-type dwarf novae. Kato et al.
(2014b) found that the fading rate follows the theoreti-
cally expected dependence P
1/4
orb .
Kato et al. (2014b) also found that some WZ Sge-type
dwarf novae tend to show significantly slower fading rates,
and attributed this deviation to smaller disk viscosity in
the hot state. Kato et al. (2014b) considered that this
viscosity reflects the tidal strength and suggested that
objects with slower fading rates have smaller mass ratios
(q = M2/M1) and they are good candidates for period
bouncers (subsection 7.8).
4.6. Global Color Variation
There have been a number of studies of global color
variations of WZ Sge-type dwarf novae. Patterson et al.
(1998) observed EG Cnc in 1996–1997 and obtained B−V
and V − I close to zero during the superoutburst plateau.
The object became redder between the rebrightenings, in
particular V − I reached 0.7. Howell et al. (2004) also
noted the similar trend in WZ Sge in 2001. The object
was bluest (B − V ∼ −0.1) around the brightness peak
and became redder (B −V ∼ 0.3) during the fadings be-
tween the rebrightenings. V − I also became red (∼0.6),
but became bluer (∼0.3) after the end of the rebrighten-
ing episodes despite that the object further faded. The
U −B values were mostly strongly negative (∼ −1.0) ex-
cept during the rebrightening episodes. The blue color in
U −B is similar to other dwarf novae in outburst and qui-
escence, which is a result of the weak Balmer jump of an
outbursting accretion disk and also contribution of strong
emission lines in quiescence.
Uemura et al. (2008a) conducted multicolor infrared ob-
servations of IK Leo and found an excess in Ks band
during the rebrightening phase. Uemura et al. (2008a)
considered this excess arises from an optically thin region
that is located outside the optically thick disk. Matsui
et al. (2009) reported optical and near-infrared color vari-
ations of V455 And. Although V455 And showed no re-
brightening, the V −J colors remained very red (∼0.8) at
least for 34 d in the post-superoutburst state. Uemura
et al. (2008a) modeled the colors by a combination of
blackbody and free-free emission, and concluded that the
blackbody emission remained at a moderately high tem-
perature (∼8000 K) for 10–20 d after the superoutburst,
suggesting the existence of a substantial amount of gas
remaining in the disk. Uemura et al. (2008a) discussed
the possibility of such gas as an origin of rebrightenings.
Chochol et al. (2012) also reported red colors for an in-
terval of ∼10 d after the superoutburst of OT J213806.
Nakagawa et al. (2013) reported red colors during the
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dip before the rebrightenings in OT J012059. Golysheva,
Shugarov (2014) reported red colors (particularly in the
I band) for PNV J191501, which did not show rebright-
enings. Isogai et al. (2015) studied EZ Lyn in two bands
(g′ and i′) and noted red colors near minimum light of
multiple rebrightenings.
From these observations, it has been established that
WZ Sge-type dwarf novae show red colors during the re-
brightening phase (for objects with multiple rebrighten-
ings) and that the objects without rebrightenings tend to
show a prolonged phase of red colors. These observations
give a clue in understanding the mechanism of rebright-
enings (see subsection 8.3).
4.7. Global Spectral Variation
In this subsection, we concentrate on optical low-
resolution spectroscopy and discuss the global variation
of the spectra.
Nogami, Iijima (2004) is still the best reference for sys-
tematic study of spectral variation of the WZ Sge-type
dwarf nova (WZ Sge itself). During the early stage of
the outburst (corresponding to the phase of early super-
humps, see section 5), the object showed a hot continuum
with broad Balmer absorption lines, which are character-
istic to dwarf novae in outburst and reflect an optically
thick hot accretion disk.
In addition to these features, Heii and the Bowen com-
plex (Ciii/Niii) were seen in emission. Although this fea-
ture is known to appear in other dwarf novae in some
phase (e.g. Hessman et al. 1984) and in high-inclination
systems (e.g. Steeghs et al. 1997; Wu et al. 2001), these
high excitation lines are most notably observed in WZ
Sge-type dwarf novae (particularly during the early stage):
GW Lib and V455 And (Nogami et al. 2009), V592 Her
(Mennickent et al. 2002), CRTS J090239 (Djorgovski et al.
2008), OT J111217 (vsnet-alert 9782, Kato et al. 2009a),
V572 And (Quimby et al. 2005). PNV J191501 (vsnet-
alert 15779, Kato et al. 2014a), ASASSN-14cl (Teyssier
2014), PNV J172929 (vsnet-alert 17327, Kato et al. 2015).
A less striking cases was V355 UMa (vsnet-alert 12822,
Kato et al. 2012a). In some cases, higher excitation lines
Civ and Niv have been detected (WZ Sge: Nogami, Iijima
2004), OT J111217: vsnet-alert 9782, Kato et al. 2009a),
which have not yet been detected in other types of dwarf
novae.
Subsequent development of the spectra were not very
striking (Nogami, Iijima 2004): Balmer emission lines
gradually turn to emission lines as the system fades.
The most notable feature in the spectra of WZ Sge-type
dwarf novae is the presence of Na D absorption, which was
first detected in EG Cnc during the rebrightening phase
(Patterson et al. 1998). WZ Sge also showed this fea-
ture, but was seen during the early stage of the outburst
(Nogami, Iijima 2004). The origin of Na D absorption
may be different between the rebrightening phase in EG
Cnc and outburst phase in WZ Sge. Combined with the
red color in the rebrightening phase (subsection 4.6), this
Na D absorption gives additional support to the existence
of a cool component in the disk.
Since this paper does not intend to give full details of the
spectral evolution, please refer to Nogami, Iijima (2004)
for detailed spectral development and past observations.
5. Early Superhumps
5.1. General properties
As introduced in subsection 2.3, the most prominent
(and likely most discriminative) feature discovered in WZ
Sge-type dwarf novae is early superhumps. These modula-
tions are double-wave modulations seen during the initial
stage of the superoutburst and have periods extremely
close to the orbital period to an accuracy of 0.1% (Ishioka
et al. 2002; Kato et al. 2014a). The currently most promis-
ing interpretation is the spiral structure excited by the 2:1
resonance (Osaki, Meyer 2002) and the variation is caused
by a geometrical effect. There was a discussion whether
the light source is an illumination of the azimuthally ex-
tended disk (Kato 2002). Osaki (2003) criticized this in-
terpretation. Maehara et al. (2007) was the first to suc-
cessfully model the light curve of early superhumps by
assuming the azimuthally extended disk with spiral arms.
More recently, Uemura et al. (2012) succeeded in mapping
the height of the accretion disk of V455 And by using the
multicolor light curve of early superhumps by considering
the geometrical projection effect and self-eclipse. Uemura
et al. (2012) also estimated the illumination effect and
concluded that it is a minor one. The model, however,
has not been able to reproduce the Doppler tomogram or
line variations of V455 And (Uemura et al. 2015) and it
would require a new interpretation.
All these modern works suggest that early superhumps
can be only seen in high-inclination systems, as modeled
by Uemura et al. (2012). Observations also support this
interpretation: there was no strong early superhumps in
GW Lib (Kato et al. 2009a) which is reported to have a
low inclination of 11◦ (Thorstensen et al. 2002) and all
systems with eclipses have high-amplitude early super-
humps [e.g. Kato et al. (2009a) for WZ Sge; V455 And
and MASTER J005740 Kato et al. (2014a)]. There are
intermediate cases such as AL Com which shows promi-
nent orbital variations in quiescence (Patterson et al. 1996;
Szkody 1987).
Since figure 1 of Kato (2002) has been frequently used as
a “catalog of early superhumps”, we provided an updated
figure with much improved statistics (figure 11). We have
restricted the objects to those with good statistics, and
some objects in Kato (2002) are omitted from this figure.
Except EZ Lyn, all object show double-wave modulations
having the secondary (around phase 0.5–0.6) maximum
brighter. The dip between two maxima (around phase
0.3) is somewhat dependent on the objects, and some ob-
jects (like V455 And) only show a shallow dip and the
overall profile resembles a “saw-tooth” with a slower rise.
Such “saw-tooth”-like profile is usually seen in objects
with high amplitudes of early superhumps. A recent ex-
ample is ASASSN-15hd (vsnet-alert 18552, 18555). In this
case, early superhumps were initially almost singly peaked
(with a slow rise in contrary to ordinary superhumps) but
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Fig. 11. Mean profiles of early superhumps. For the initial
five objects, the zero phase corresponds to eclipses. The zero
phases of other objects are chosen so that the stronger hump
is located around phase 0.6. The year is added after the object
name if multiple outbursts have been recorded.
later they became double-humped (vsnet-alert 18573).
5.2. Evolution of Early Superhumps
In well-observed systems, early superhumps grow as the
object rises to the outburst maximum (WZ Sge and AL
Com: Ishioka et al. 2002). During the rising phase of
V455 And (2007), the object did not show any evidence
of early superhumps from ∼6 mag to ∼1.5 mag before the
maximum then these superhumps started to grow quickly
(Maehara et al. 2009; figure 12). In WZ Sge (2001), early
superhumps became evident around∼1.0 mag below max-
imum (figure 13; Ishioka et al. 2002). These two systems
are best studied ones during the growing stage of early
superhumps.
5.3. Amplitude Variation
In well-observed systems, it has been demonstrated that
the amplitudes of early superhumps decrease with time.
The best example may be figure 2 in Patterson et al.
(2002). Note that this figure express the amplitudes in in-
tensity. Since the mean brightness of the object decreases
with time, the amplitudes expressed in magnitudes do not
decrease so dramatically. In order to illustrate this effect,
we provide figure 14, in which both amplitude and inten-
sity variations are given for the entire interval when early
superhumps were present. It is now evident that the de-
crease in amplitude is not so dramatic (particularly in the
later phase) as the impression from figure 2 in Patterson
et al. (2002).
5.4. Amplitude Statistics
We made a survey of amplitudes of early superhumps
(table 2). This table includes the objects which were suffi-
ciently observed to tell the presence of early superhumps.
Although amplitudes of early superhumps systematically
decrease with time (subsection 5.3), most of objects were
not sufficiently observed to follow the variation of ampli-
tudes. We therefore used mean amplitudes for the entire
interval when early superhumps were present. In some
well-observed objects, amplitudes around the peak bright-
ness are given. The distribution of mean amplitudes of
early superhumps indicates that the majority of systems
have amplitudes less than 0.05 mag, although there are
a small number of objects showing large-amplitude early
superhumps up to 0.35 mag. The numbers of the objects
having amplitudes of early superhumps larger than 0.02
(0.05) mag are 33 (11) out of a total number of 52. If
we can typically detect 0.02-mag early superhumps, we
can classify 63% of WZ Sge-type dwarf novae by the pres-
ence of early superhumps. If we can detect 0.01-mag early
superhumps, this fraction becomes 79%, making this cri-
terion as WZ Sge-type objects more promising than may
have been thought.
5.5. Comparison of Amplitude Statistics with Model
In recent works, there has apparently been a consensus
that early superhumps are a result of the 2:1 resonance
(Osaki, Meyer 2002; Kato 2002; Osaki, Meyer 2003) al-
though this phenomenon was first recognized in history as
an enhanced orbital humps (Patterson 1980). Although
the nomenclature and the presentation of the figure in
Patterson et al. (2002) would give an impression of an en-
hanced hot spot (as explained in Osaki, Meyer 2002), we
should note that Patterson et al. (2002) wrote “a model of
this type seems very attractive” and “Osaki, Meyer (2002)
provide a lucid explanation for the one prominent feature
not previously explained”.
We studied whether the statistics in subsection 5.4 can
be explained by an inclination effect. We used a code de-
scribed in Uemura et al. (2012). We assumed the disk
structure reconstructed from observation of V455 And
changed the orbital plane randomly, and examined the
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Fig. 12. Evolution of early superhumps in V455 And (2007) The data are from Kato et al. (2009a). The data points were binned
to 0.0005 d. Upper: light curve. Lower: residual magnitudes.
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Fig. 15. Distribution of mean amplitudes of early super-
humps. The data are taken from table 2. Although the ma-
jority of systems have amplitudes less than 0.05 mag, a small
number of objects show large-amplitude early superhumps up
to 0.35 mag.
distribution of expected amplitudes. A result of 100000
trials is shown in figure 16. The result above 0.4 mag
is not real, since this model does not treat the geometri-
cal structure of the edge of the disk properly and gives a
senseless result for inclinations larger than 82◦. We used
a constant value for 82◦ for systems with higher inclina-
tions. The result seems to reproduce the high number of
systems with low amplitudes of early superhumps. This
result seems to support the geometrical origin of early su-
perhumps. The model, however, predicts a large fraction
(∼20%) of objects with amplitudes larger than 0.2 mag,
which is different from observations (6%). Since the model
is rough and the disk model of V455 And may not repre-
sent the true disk, this discrepancy may not be a strong
contradiction. There may be a possibility that very high-
inclination WZ Sge-type systems do not show strong early
superhumps.
5.6. Colors
Color variations of early superhumps have been stud-
ied in order to constrain the mechanism to produce them.
Matsui et al. (2009) was the first to systematically study
color variations of early superhumps using (nearly) simul-
taneous multi-color time-resolved photometry including
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Fig. 16. Expected distribution of amplitudes of early super-
humps. The amplitudes have been estimated from 100000
randomly oriented systems having the same disk parameter
as in V455 And and using the model in Uemura et al. (2012).
infrared bands. In contrast to well-established color varia-
tion of superhumps of ordinary SU UMa-type dwarf novae
(e.g. Schoembs, Vogt 1980; Hassall 1985; Naylor et al.
1987; van Amerongen et al. 1987; van der Woerd, van
Paradijs 1987), early superhumps were found to be redder
when brighter. This indicates that the light source of early
superhumps is cooler than the underlying component and
Matsui et al. (2009) suggested that early superhumps are
produced in a vertically extended low-temperature zone
at the outermost part of the disk. The reconstruction of
the disk geometry by using multicolor photometry of early
superhumps by Uemura et al. (2012) was an immediate re-
sult of this work. Isogai et al. (2015) performed two-color
simultaneous photometry of EZ Lyn and reached the same
conclusion.
5.7. Doppler Tomography
The superoutburst of WZ Sge in 2001 enabled time-
resolved spectroscopy during a WZ Sge-type superout-
burst. Baba et al. (2002) was able to detect double-peaked
emission lines of Heii and the constructed Doppler tomo-
gram showed a spiral pattern. This finding had long been
considered as evidence (Kato 2002) of the spiral structure,
which is expected by the 2:1 resonance model.
The 2007 superoutburst of V455 And provided another
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Fig. 14. Nightly variation of early superhumps in WZ Sge (2001) The data are from Kato et al. (2009a) (same as Ishioka et al.
2002). The numbers in the upper end of upper panels are BJD center −2452100. The intensity units for the lower panels correspond
to 1000 for 8.0 mag.
opportunity to obtain time-resolved high-dispersion spec-
troscopy with Subaru telescope. The result was quite un-
expected with singly peaked emission lines (Nogami et al.
2009). This result could not be easily understood from
the 2:1 resonance model. Uemura et al. (2015) reported
that obscuration of the inner part of the disk by the disk
rim is insufficient to reproduce the observation.
6. Ordinary Superhumps
6.1. Transition from Early to Ordinary Superhumps
In WZ Sge (2001), ordinary superhumps (stage A su-
perhumps, see later sections) smoothly developed from
one of two peaks of early superhumps (figure 126 in Kato
et al. 2009a). No other object has such extensive coverage
and sufficient amplitudes of early superhumps, and it has
not yet been confirmed whether such smooth transition is
usual for WZ Sge-type dwarf novae.
6.2. Period Variation
The periods of superhumps are known to systematically
vary. Kato et al. (2009a) was the first to demonstrate
that these period variations have a common pattern in
SU UMa-type dwarf novae: initial growing stage (stage
A) with a long period and fully developed stage (stage
B) with a systematically varying period and later stage C
with a shorter, almost constant period. In WZ Sge-type
dwarf novae, stage C is usually not present.
Although stage A superhumps are currently understood
to reflect the dynamical precession rate of the disk at the
radius of 3:1 resonance (Osaki, Kato 2013b; Kato, Osaki
2013b) and stage B is considered to have a smaller preces-
sion rate due to the pressure effect, which produces ret-
rograde precession, in the disk (Osaki, Kato 2013b; Kato,
Osaki 2013a), the origin of stage C superhumps and why
stage B–C transition suddenly occurs are unsolved prob-
lems. During stage B, SU UMa-type dwarf novae show
smooth period variations with a more or less constant
Pdot = P˙ /P (Kato et al. 2009a). Most of systems with
short (less than 0.065 d) orbital periods are known to have
positive Pdot for stage B (cf. Kato et al. 2009a). Although
this variation was originally attributed to an expansion of
the disk or an outward propagation of the eccentric wave
(Kato et al. 2009a, Howell et al. 1996, Nogami et al. 1998,
Baba et al. 2000).5 Alternatively, Kato, Osaki (2013a)
suggested that the relative strength of the pressure effect
5 This idea was originally proposed as a preprint form in 1997 on
EG Cnc by Kato et al., and it was introduced in Kato et al.
(1998). See Baba et al. (2000) for a detailed description of the
background.
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Table 2. Amplitudes of Early Superhumps
Object Oribital period (d) A1∗ A2† Reference
V455 And 0.05627 0.26 0.22 Kato et al. (2009a)
V466 And 0.05636 0.07 0.038 Kato et al. (2009a)
V500 And 0.05550 – 0.03 Kato et al. (2009a)
V572 And 0.054868 – 0.07 Imada et al. (2006)
EG Cnc 0.05994 – 0.018 Patterson et al. (1998), Matsumoto et al. (1998)
AL Com 0.05667 0.06 0.04 Kato et al. (1996), Patterson et al. (1996)
V1251 Cyg 0.07433 – 0.018 Kato et al. (2009a)
DV Dra 0.05883 – 0.13 Kato et al. (2009a)
PR Her 0.05422 – 0.053 Kato et al. (2013a)
V592 Her 0.05610 – 0.01 Kato et al. (2010)
RZ Leo 0.076038 – 0.05 Kato et al. (2009a)
GW Lib 0.05332 0.00 0.00 Kato et al. (2009a)
SS LMi 0.056637 – 0.15 Shears et al. (2008)
EZ Lyn 0.059005 0.07 0.067 Kato et al. (2012a)
GR Ori 0.058333‡ 0.00 0.00 Kato et al. (2014b)
BW Scl 0.054323 0.16 0.10 Kato et al. (2013a)
WZ Sge 0.056670 0.19 0.14 Kato et al. (2009a)
UW Tri 0.05334 – 0.05 Kato et al. (2009a)
CT Tri 0.05281 – 0.03 Kato et al. (2009a)
BC UMa 0.06258 – 0.04 Maehara et al. (2007)
V355 UMa 0.058094 – 0.01 Kato et al. (2012a)
HV Vir 0.057069 0.052 0.044 Kato et al. (2009a)
ASAS SN-13ax 0.056155‡ – 0.00 Kato et al. (2014b)
ASAS SN-14cl 0.05838 – 0.018 Kato et al. (2015)
ASAS SN-14gx 0.05488 – 0.03 Kato et al. (2015)
ASAS SN-14jf 0.05539 – 0.04 Kato et al. (2015)
ASAS SN-15ah 0.05547‡ – 0.00 Kato et al. (2015)
ASAS SN-15bp 0.05563 – 0.014 Kato et al. (2015)
CRTS J090239 0.05652 – 0.35 Kato et al. (2009a)
CRTS J104411 0.05909 – 0.030 Kato et al. (2010)
CRTS J223003 0.05841 – 0.033 Kato et al. (2010)
∗Amplitude near the peak brightness.
†Mean amplitude.
‡Superhump period.
and the dynamical precession by the gravitational field of
the secondary may play a key role: lower-q systems have
smaller dynamical precession rates and the retrograde pre-
cession by the pressure effect becomes relatively more im-
portant, making the stronger period variation. However,
this explanation was not sufficient to reproduce the long
superhumps period at the end of stage B without intro-
ducing an expansion of the disk. The physical origin of
positive Pdot for stage B is still poorly understood.
WZ Sge-type dwarf novae have the same characteristics
as in SU UMa-type dwarf novae and extreme WZ Sge-
type dwarf novae tend to have smaller Pdot. It has been
demonstrated that Pdot and Porb are correlated with the
rebrightening type (starting with figure 36 in Kato et al.
2009a and refined in Kato et al. 2009a–Kato et al. 2014a).
In figure 17, we show the updated result up to Kato et al.
(2015) (we also used table 3, which shows parameters of
the objects in Kato et al. 2015 in the same format as
in Kato et al. 2014a). The general tendency is: type-A
outbursts (long rebrightenings) and type-D outbursts (no
rebrightening) tend to occur in objects with short Porb.
While type-A outbursts usually have small Pdot, type-D
outbursts can have larger Pdot. Type-C outbursts are usu-
ally seen in objects with longer Porb and larger Pdot, and
objects with type-C outbursts are closer to ordinary SU
UMa-type dwarf novae. Type-B outbursts usually occur
in objects with intermediate Porb and these objects tend
to show relatively small Pdot. Nakata et al. (2013b) stud-
ied two objects with type-B outbursts and found that they
occupy a limited region on the Porb–Pdot diagram. We will
discuss this issue later (subsections 7.5, 7.6).
6.3. Delay Time of Superhump Appearance
In figure 18, we show the distribution of the delay time
of superhump appearance using the data up to Kato et al.
(2015). Although we selected outbursts which were de-
tected sufficiently close to the peak brightness, we should
note that actual outbursts may have started slightly ear-
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Table 2. Amplitudes of Early Superhumps (continued)
Object Period (d) A1∗ A2† Reference
CSS J174033 0.045048 0.033 0.030 T. Ohshima et al. in preparation
MASTER J005740 0.056190 – 0.23 Kato et al. (2014a)
MASTER J085854 0.05556 – 0.00 Kato et al. (2015)
MASTER J094759 0.05588 – 0.006 Kato et al. (2014a)
MASTER J181953 0.05684 – 0.022 Kato et al. (2014a)
MASTER J203749 0.06062 – 0.036 Nakata et al. (2013b)
MASTER J211258 0.05973 – 0.050 Nakata et al. (2013b)
OT J012059 0.057157 – 0.045 Kato et al. (2012a)
OT J030929 0.05615 – 0.018 Kato et al. (2015)
OT J111217 0.05896 – 0.14 Kato et al. (2009a)
OT J112619 0.05423 – 0.04 Kato et al. (2014a)
OT J184228 0.07168 – 0.005 Kato et al. (2013a)
OT J210950 0.05865 – 0.00 Kato et al. (2013a)
OT J213806 0.05450 – 0.04 Kato et al. (2010)
OT J230523 0.05456 – 0.035 Kato et al. (2015)
OT J232727 0.05277 – 0.018 Kato et al. (2014a)
PNV J062703 0.05787 – 0.02 Kato et al. (2014a)
PNV J172929 0.05973 – 0.015 Kato et al. (2015)
SDSS J161027 0.05965 – 0.05 Kato et al. (2010)
SDSS J172325 0.05920‡ – 0.00 Kato et al. (2015)
TCP J153756 0.06101 – 0.038 Kato et al. (2014a)
∗Amplitude near the peak brightness.
†Mean amplitude.
‡Superhump period.
Table 3. Parameters of WZ Sge-type superoutbursts in Kato et al. (2015).
Object Year PSH Porb Pdot
∗ err∗ ǫ Type† Nreb
‡ delay§ Max Min
FI Cet 2014 0.056911 0.05594 9.7 2.1 0.017 – – 5 14.4 21.6
ASASSN-14cl 2014 0.060008 0.05838 8.5 0.4 0.028 D 0 6 10.7 18.8
ASASSN-14cq 2014 0.057354 0.05660 4.6 0.4 0.013 – – 8 13.7 21.3:
ASASSN-14cv 2014 0.060413 0.059917 0.9 0.9 0.008 B 8 14 11.2 19.2
ASASSN-14gx 2014 0.056088 0.05488 5.1 0.6 0.022 – – 9 14.9 21.7:
ASASSN-14jf 2014 0.055949 0.05539 1.1 0.2 0.010 – – 9 13.3 21.0:
ASASSN-14jq 2014 0.055178 – 4.3 1.2 – A – – ]13.7 20.5
ASASSN-14jv 2014 0.055102 0.05442 4.9 0.7 0.013 D 0 9 11.3 19.3
ASASSN-14mc 2014 0.055463 – 1.7 2.1 – – – 10 14.3 21.0:
ASASSN-15ah 2015 0.055469 – 6.2 3.2 – – – 8 13.6 21.8:
ASASSN-15bp 2015 0.056702 0.05563 4.5 0.3 0.019 B? – 8 13.6 21.8:
MASTER J085854 2015 0.055560 – 8.1 1.0 – B 2 ]4 ]13.7 18.6:
OT J030929 2014 0.057437 0.05615 6.8 0.5 0.023 D 0 6 11.0 18.9
OT J230523 2014 0.055595 0.05456 8.2 1.3 0.019 – – 6 12.3 19.8
PNV J171442 2014 0.060092 0.059558 4.4 0.7 0.009 B 5 12 13.5 20.2
PNV J172929 2014 0.060282 0.05973 2.6 1.2 0.009 D 0 11 12.1 21.5
∗Unit 10−5.
†A: long-lasting rebrightening; B: multiple rebegitehnings; C: single rebrightening; D: no rebrightening.
‡Number of rebrightenings.
§Days before ordinary superhumps appeared.
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Fig. 17. Pdot versus Porb for WZ Sge-type dwarf novae.
Symbols represent the type of outburst: type-A (filled cir-
cles), type-B (filled squares), type-C (filled triangles), type-D
(open circles) and type-E (filled stars) (see text for details).
On the right side, we show mass ratios estimated using equa-
tion (6). We can regard this figure as to represent an evolu-
tionary diagram (see discussion in subsection 7.5).
lier. These values should better be considered as lower
limits although the difference is likely less than an or-
der of a few days. The delay time of WZ Sge-type ob-
jects as a whole has a maximum around 10 d. Type-A
outbursts appear to be concentrated around this maxi-
mum. Type-D outbursts are more widely distributed, al-
though type-D outbursts may be less favorably observed
outbursts (i.e. rebrightening was simply missed due to the
faintness of the object and so on), and some of the delay
times may have been underestimated more strongly than
other types. Type-C outbursts appear to have shorter de-
lay times. Type-B outbursts appear to have a bimodal
distribution, below 5 d and more than 12 d. Since these
type-B outbursts with short delay times (UZ Boo and EZ
Lyn) have been well-examined in order to avoid under-
estimation, this bimodal distribution appears to be real.
The longest delay time (21 d) was seen in OT J111217,
which has a very high outburst amplitude (9.4 mag), the
second largest in our sample (subsection 3.3). This object
appears to be an extreme object in these two respects of
statistics.
During this delay time, we can see early superhumps in
many systems (section 5). The systematic difference of the
delay time between different SU UMa-type dwarf novae
with different outburst activity was pointed out by Osaki
(1995a), who discussed that this difference may reflect the
1/q2-type dependence of the growth time of the 3:1 reso-
nance (Lubow 1991a; Lubow 1991b). Osaki (1995a) also
considered a possibility that the viscous depletion time
is longer in some orbital parameters to enable the disk
to reach the 3:1 resonance. After the firm identification
of early superhumps in WZ Sge, Osaki, Meyer (2003) re-
garded as the suppression of the 3:1 resonance by the 2:1
resonance Lubow (1991a) as the main cause of the long de-
lay times in WZ Sge-type objects. This interpretation has
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Fig. 18. Delay time of superhump appearance. The num-
bers based on the outburst type is shown. Type-B outbursts
appear to show a bimodal distribution.
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Fig. 19. Delay time of superhump appearance versus super-
hump period (as a proxy to orbital period).
been reinforced by the discovery of a faint superoutburst
of AL Com in 2015 which did not show early superhump
but showed a quick growth of superhumps (Kimura et al.
2015).
Following this interpretation, the delay time reflects the
strength of the 2:1 resonance. The statistics of short delay
times in type-C outbursts is in line with the interpretation
that type-C objects are closer to ordinary SU UMa-type
dwarf novae (subsection 6.2). It is interesting that type-B
outbursts appear to have two types with different delay
times. The objects with shorter delay times appear to
have critically reached the 2:1 resonance and this may
be in line with the conclusion that objects with type-B
outbursts are not (necessarily) good candidates for period
bouncers (Nakata et al. 2013b) (see subsection 7.6).
Figure 19 shows the relation between the superhump
period (as a proxy to the orbital period) and delay time.
This figure also shows that delay times are shorter (i.e.
the strength of the 2:1 resonance is weaker) in systems
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6.4. Late-Stage Superhumps
Well-observed WZ Sge-type dwarf novae have long per-
sistence of superhumps well after the termination of su-
peroutbursts (e.g. WZ Sge: Patterson et al. 2002, Kato
et al. 2008; EG Cnc: Patterson et al. 1998, GW Lib and
V455 And: Kato et al. 2008). Probably the best estab-
lished case is GW Lib in 2007 (Kato et al. 2008 and figure
33 in Kato et al. 2009a), which showed persistent super-
humps for at least 930 cycles (50 d) after the termination
of the superoutburst. These superhumps showed very con-
stant profile and did not show a phase jump. Patterson
et al. (2002) reported the persistence of superhumps in
WZ Sge for 90 d (including the outburst part). V355
UMa also showed persistent superhumps for at least 490
cycles (28 d) (Kato et al. 2012a).
These superhumps generally have longer periods than
the superhump periods during superoutburst (Kato et al.
2008). Although Kato et al. (2008) interpreted that this
increase of the period reflects the expansion of the disk
after the outburst, this interpretation was probably in-
correct since the pressure effect was not properly treated
when comparing superhump periods. As introduced in
subsection 6.2, the pressure effect shortens the super-
humps period and this effect is strongest in the initial
part of stage B (Osaki, Kato 2013b; Kato, Osaki 2013a).
Since the identification of stage A superhumps as super-
humps reflecting the dynamical precession rate at the 3:1
resonance (Osaki, Kato 2013b; Kato, Osaki 2013b), we
could estimate the disk radius in WZ Sge-type dwarf no-
vae after the superoutburst (Kato, Osaki 2013b). The
result was 0.37–0.38A, where A is the binary separation,
in systems without rebrightenings (type-D outbursts) and
0.30–0.32A in systems with long or multiple rebrighten-
ings (type-A or B outbursts) (Kato, Osaki 2013b). There
are no measurable samples for type-C outbursts. These
experimentally determined disk radius can be used to es-
timate q for objects (e.g. Kato et al. 2013b).
Transitions from superhumps during the superoutburst
plateau to post-superoutburst superhumps are often as-
sociated with a disturbance in the O−C diagram (e.g.
GW Lib: figure 33 in Kato et al. 2009a; FL Psc = ASAS
J002511+1217.2: figure 34 in Kato et al. 2009a). In the
case of FL Psc, two hump maxima appeared during the
post-superoutburst phase before the rebrightening, and
the one peak (0.5 phase different from the superhumps
during the superoutburst plateau) smoothly continued as
late-stage superhumps. There was also a phase 0.5 jump
around the termination of the superoutburst in V355 UMa
(Kato et al. 2012a). This phenomenon appears to cor-
responds to “traditional” late superhumps (superhumps
with a ∼0.5 phase superhumps shift seen during the very
late or post-superoutburst stages: e.g. Vogt 1983). In
ordinary SU UMa-type dwarf novae, most of originally
supposed ∼0.5 phase shift after the termination of the
superoutburst were a result of a combination of incor-
rect cycle counts and stage C superhumps, which have
∼0.5% shorter periods than stage B superhumps (Kato
et al. 2009a). Many well-observed SU UMa-type dwarf
novae, including Kepler observations of V585 Lyr (Kato,
Osaki 2013a), have been confirmed show continuous O−C
diagrams (no phase jump) and the appearance of super-
humps with ∼0.5 phase shift is only limited to high mass-
transfer systems [e.g. V344 Lyr (Wood et al. 2011), YZ
Cnc (Kato et al. 2014a), V1159 Ori (Patterson et al. 1995),
VW Hyi (van der Woerd et al. 1988)]. This observation
is in line with the classical interpretation that late super-
humps arise from the hot spot on an elliptical disk (Osaki
1985). The presence of a ∼0.5 phase shift in WZ Sge-type
objects, which are considered to be low mass-transfer sys-
tems, is a mystery.
The long persistent superhumps in WZ Sge-type object
has been considered a result of low mass-transfer rate from
the secondary, making the eccentric disk structure to sur-
vive longer (Osaki et al. 2001). We should note, however,
recent Kepler observations and high-quality ground-based
observations have shown that late-stage superhumps per-
sist longer (one or two outburst cycles) after the termi-
nation of the superoutburst (e.g. Still et al. 2010; Wood
et al. 2011; Osaki, Kato 2013b; Osaki, Kato 2014; Kato
et al. 2014b; Kato et al. 2014a) in ordinary SU UMa-type
dwarf nova with high mass-transfer rates in contrast to
textbook descriptions (e.g. Warner 1995).
6.5. Orbital Variation during Outburst?
Besides the claim of the enhanced orbital signal during
rebrightenings in WZ Sge (Patterson et al. 2002) (see sub-
section 8.1 for the discussion), there was possible transient
appearance of the orbital signal in the low-inclination sys-
tem GW Lib near the end of the superoutburst plateau
(Kato et al. 2009a). This phenomenon cannot be easily
explained by an enhanced hot spot or by superhump-type
modulations.
7. Mass Ratios, Evolutionary Status and Related
Topics
7.1. Past Study
CVs evolve as the system lose the total angular momen-
tum and the mass is transferred from the secondary as a
result (for recent reviews of CV evolution, see e.g. Kolb,
Baraffe 1999; Araujo-Betancor et al. 2005b; Knigge et al.
2011). The orbital period generally decreases during the
CV evolution. When the secondary star in the system
becomes degenerate, the system reaches the “period min-
imum” and the orbital period then increases. This is due
to two reasons: the thermal time-scale of the secondary
exceeds the mass-transfer time-scale and the mass-radius
relation is reversed for degenerate dwarfs. The systems
evolved beyond the period minimum are usually called
“period bouncers”. WZ Sge-type objects have been long
considered as candidate period bouncers, and there also
have been a discussion whether the secondary is indeed a
brown dwarf (cf. Patterson 2011). Currently there are in-
deed several eclipsing systems having secondary masses in
the range of brown dwarfs (SDSS J103533.02+055158.3:
Littlefair et al. 2006, Savoury et al. 2011, OV Boo =
SDSS J150722.33+523039.8: Littlefair et al. 2006, SDSS
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J143317.78+101123.3: Savoury et al. 2011, PHL 1445 =
PB 9151: McAllister et al. 2015), although none of them
have been confirmed to be a WZ Sge-type object by un-
dergoing an outburst. Patterson et al. (1998), Patterson
(1998), Patterson (2011) used fractional superhump ex-
cesses to estimate the mass ratios, and argued that some
of WZ Sge-type dwarf novae are good candidates for pe-
riod bouncers.
EG Cnc, which displayed six rebrightenings, was partic-
ularly notable in the small estimated q=0.035 (Patterson
et al. 1998). WZ Sge itself was also claimed to have
a small q = 0.045 (Patterson et al. 2002) by the same
method. Patterson et al. (2002) also suggested that the
secondary was very faint in the infrared, supporting the
brown-dwarf hypothesis. Steeghs et al. (2001), however,
derived q=0.040–0.075 by Doppler tomography. Harrison
et al. (2013) also suspected a high fraction of infrared
emission from the secondary. The situation remained un-
clear whether traditionally known WZ Sge-type objects
are period bouncers or not.
7.2. Determination of Mass Ratios using Stage-A
Superhumps
Following the identification of stage A superhumps re-
flecting the dynamical precession at the radius of the 3:1
resonance (subsection 6.2), we have now become able to
measure mass ratios of WZ Sge-type objects (Kato, Osaki
2013b). We briefly review the outline of the method
here. The precession rate of the disk, ωdyn/ωorb, is equiv-
alent to the fractional superhump excess (in frequency)
ǫ∗ ≡ 1− Porb/PSH and it is related to the conventional
fractional superhump excess (in period) ǫ≡ PSH/Porb− 1
by a relation ǫ∗= ǫ/(1+ǫ). The dynamical precession rate
ωdyn is
ωdyn/ωorb =Q(q)R(r), (1)
where ωorb and r are the angular orbital frequency and
the dimensionless radius measured in units of the binary
separation A. The dependence on q and r are (cf. Hirose,
Osaki 1990)
Q(q) =
1
2
q√
1+ q
, (2)
and
R(r) =
1
2
1√
r
b
(1)
3/2(r), (3)
where 12b
(j)
s/2 is the Laplace coefficient
1
2
b
(j)
s/2(r) =
1
2π
∫ 2pi
0
cos(jφ)dφ
(1+ r2− 2r cosφ)s/2 . (4)
Considering that the superhump wave is confined to the
3:1 resonance region during stage A (hence the pressure
effect can be neglected and the precession frequency re-
flects the pure dynamical one), we can substitute r by the
radius of the 3:1 resonance.
r3:1 = 3
(−2/3)(1+ q)−1/3, (5)
Then Q(q)R(r3:1) becomes a function of q and we can
directly estimate q from ǫ∗ of stage A superhumps.
This method is particularly useful for WZ Sge-type ob-
jects, since they usually show early superhumps, which
have periods almost identical with the orbital periods,
and stage A superhumps develop immediately following
the stage of early superhumps. After a typical waiting
time of ∼10 d (subsection 6.3), we can relatively easily
detect stage A superhumps and determine mass ratios. In
papers Kato, Osaki (2013b), Nakata et al. (2013b), Kato
et al. (2014b), Kato et al. (2014a), Kato et al. (2015),
a sizable number of WZ Sge-type objects have been de-
termined for q using this method. The most up-to-date
evolutionary diagram is shown in Kato et al. (2015).
Kato, Osaki (2013b) also demonstrated that traditional
methods (such as Patterson 1998; Patterson 2011) for de-
termining q using (stage B) superhumps during the su-
peroutburst plateau give systematically small q values for
small-q systems because the pressure effect decreases the
precession rate of this eccentric disk, and this relative im-
portance of the effect is larger for systems with smaller
precession rates (i.e. WZ Sge-type objects). This explains
why Patterson (2011) listed so many candidates for pe-
riod bouncers using the fractional superhump excess. See
Kato, Osaki (2013b) for more detailed discussion.
7.3. Current Understanding
This new method has clarified mass ratios of many WZ
Sge-type objects and clarified the evolutionary path to an
unprecedented detail. According to the estimates in Kato,
Osaki (2013b), many WZ Sge-type dwarf novae (WZ Sge
itself, too) have mass ratios near the borderline between
lower main-sequence and brown dwarf secondaries. The
most recent work (Kato et al. 2015) indicates a high con-
centration of WZ Sge-type object around orbital periods
of 0.054–0.056 d and mass ratios 0.06–0.08. The spread
of mass ratios in this region and the absence of objects in
shorter periods suggests that these objects are indeed near
the period minimum, and WZ Sge-type objects are indeed
located near the period minimum. Now it is no wonder
some objects (such as WZ Sge, Harrison et al. 2013) have
some evidence of infrared emission from the secondary
while other objects have either undetectable secondaries
or brown dwarf secondaries have been identified by eclipse
studies in WZ Sge-type candidates (subsection 7.1).
It looks like that “prototypical” WZ Sge-type objects
such as WZ Sge have intermediate mass ratios among
the WZ Sge-type objects. More unusual objects (such
as higher outburst amplitudes) seem to have lower mass
ratios.
7.4. Distribution of Mass Ratios
Figure 20 shows the distribution of ratios in WZ Sge-
type objects and non-WZ Sge-type objects using stage
A superhump method. The used data up to Kato et al.
(2015) are summarized in table 4. There is a sharp peak
between q = 0.07 and q = 0.08. The mean and standard
deviation of this distribution are 0.078 and 0.017, respec-
tively. Although it is difficult to define the upper limit
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Table 4. Mass Ratios of WZ Sge-Type Objects from Stage A Superhumps
Object Oribital period (d) ǫ∗ error q error Pdot× 105 error
from Kato et al. (2009a)
V455 And 0.05631 0.0296 0.0014 0.080 0.004 4.7 1.2
V466 And 0.05636 0.0308 0.0013 0.083 0.004 5.7 0.7
HO Cet 0.05490 0.0328 0.0012 0.090 0.004 4.9 0.5
GW Lib 0.05332 0.0258 0.0014 0.069 0.003 4.0 0.1
WZ Sge 0.05669 0.0290 0.0010 0.078 0.003 2.0 0.4
HV Vir 0.05707 0.0268 0.0003 0.072 0.001 6.8 0.4
ASAS J102522 0.06136 0.0423 0.0018 0.120 0.005 10.9 0.6
from Kato et al. (2010)
V592 Her 0.05610 0.0206 0.0049 0.054 0.014 7.4 0.6
SDSS J161027 0.05687 0.033 0.0015 0.090 0.005 6.8 1.4
CRTS J104411 0.05909 0.0288 0.0048 0.077 0.001 – –
from Kato et al. (2012a)
EZ Lyn 0.05901 0.0290 0.0011 0.078 0.003 3.5 0.9
V355 UMa 0.05729 0.0247 0.0005 0.066 0.001 5.4 0.2
from Kato et al. (2013a)
BW Scl 0.05432 0.0251 0.0021 0.067 0.006 4.4 0.3
OT J184228 0.07168 0.0163 0.0007 0.042 0.003 -0.9 1.5
OT J210950 0.05865 0.0365 0.0010 0.101 0.003 8.5 0.6
from Kato et al. (2014b)
MASTER J094759 0.0559 0.0225 0.0029 0.059 0.008 3.0 1.1
MASTER J181953 0.05684 0.0259 0.0003 0.069 0.001 2.6 1.1
MASTER J211258 0.05973 0.0300 0.0005 0.081 0.002 0.8 1.0
OT J112619 0.05423 0.0317 0.0006 0.086 0.002 3.6 0.4
OT J203749 0.06051 0.0351 0.00011 0.097 0.008 2.9 1.0
OT J232727 0.05277 0.0303 0.0005 0.082 0.002 4.0 1.1
SSS J122221 0.075879 0.0172 0.0001 0.044 0.001 −1.1 0.7
from Kato et al. (2014a)
MASTER J005740 0.056190 0.0280 0.0050 0.076 0.016 4.0 1.0
PNV J191501 0.05706 0.0344 0.0012 0.095 0.004 5.2 0.2
TCP J233822 0.057255 0.0231 0.0014 0.061 0.004 2.7 1.1
Table 4. Mass Ratios of WZ Sge-Type Objects from Stage A Superhumps (continued)
Object Oribital period (d) ǫ∗ error q error Pdot× 105 error
from Kato et al. (2015)
ASASSN-14cv 0.059917 0.0286 0.0003 0.077 0.001 0.9 0.9
ASASSN-14jf 0.05539 0.0260 0.0020 0.070 0.005 1.1 0.2
ASASSN-14jv 0.05442 0.0278 0.0009 0.074 0.003 4.9 0.7
ASASSN-15bp 0.05563 0.0293 0.0006 0.079 0.002 4.5 0.3
OT J030929 0.05615 0.0291 0.0003 0.078 0.001 6.8 0.5
OT J213806 0.054523 0.041 0.0004 0.120 0.020 7.2 0.4
OT J230523 0.05456 0.0366 0.0007 0.102 0.002 8.2 1.3
PNV J171442 0.059558 0.0284 0.0003 0.076 0.001 4.4 0.7
PNV J172929 0.05973 0.0273 0.0005 0.073 0.002 2.6 1.2
22 T. Kato [Vol. ,
Mass Ratio of WZ Sge−Type Objects
Mass ratio
Fr
eq
ue
nc
y
0.05 0.10 0.15 0.20 0.25 0.30
0
4
8
Non−WZ Sge−Type Objects
Mass ratio
Fr
eq
ue
nc
y
0.05 0.10 0.15 0.20 0.25 0.30
0.
0
1.
5
3.
0
Fig. 20. Distribution of mass ratios in WZ Sge-type ob-
jects and non-WZ Sge-type objects using stage A superhump
method.
of mass ratios for WZ Sge-type objects, we can choose
0.09 which is close to the one sigma above the mean of
WZ Sge-type objects and close to the lower end of non-
WZ Sge-type objects. This value may be considered as an
empirical limit of mass ratios which enable the 2:1 reso-
nance in outburst. Some objects have apparently higher
(above 0.10) mass ratios but still show early superhumps.
The limit is probably not a rigid border but probably de-
pends on the strength of the outburst or other factors. It
would be interesting to compare this result with figure 2
in Osaki, Meyer (2002). The present limit corresponds to
log q = −1.0, which is close to the limit suggested in the
dashed line of figure 2 in Osaki, Meyer (2002).
7.5. Period Variation and Mass Ratio
Although the mechanism is not yet clear, superhump
periods systematically vary during stage B (subsection
6.2). The values of Pdot are strongly related to the orbital
periods (cf. Kato et al. 2009a). Since Pdot and rebright-
ening type are empirically known to be strongly related
(subsection 6.2), we here examined whether Pdot can be
used as a measure of q. Figure 21 shows the relation be-
tween Pdot and q for WZ Sge-type objects using stage
A superhump method. Although some data points have
large errors, the overall appearance suggests that Pdot is
almost linearly related to q at least for WZ Sge-type ob-
jects. This relation strengthens our impression (in our
series papers up to Kato et al. 2015) that WZ Sge-type
objects having properties similar to those of SU UMa-type
dwarf novae have larger Pdot and extreme WZ Sge-type
objects have smaller Pdot. We have derived
q = 0.0043(9)Pdot× 105+0.060(5). (6)
We should note, however, this relation does not necessarily
holds in longer period systems (ordinary SU UMa-type
dwarf novae) as suggested by the presence of a number of
long-period SU UMa-type objects with unusual values of
Pdot (e.g. Kato et al. 2013a).
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Fig. 21. Relation between period variations and mass ratios
for WZ Sge-type objects using stage A superhump method.
Assuming this linear relation holds in all WZ Sge-type
objects, figure 17 can be directly read as a diagram be-
tween Porb, q and the outburst type. The y-axis of figure
17 then corresponds to the q range of 0.047–0.11.
7.6. Rebrightening Type and Evolution
As discussed in the previous subsection, we suggest that
the Porb–Pdot diagram can be regarded as an evolution-
ary diagram. From figure 17, the objects in the upper
branch (non-degenerated, low-mass main sequence sec-
ondary, close to ordinary SU UMa-type dwarf novae) tend
to show type-C outbursts. The system closer to the period
minimum but still on the upper branch, type-D outbursts
are most frequently met. Around the period minimum,
type-A outbursts are more dominant. Type-B outbursts
are more widely spread, but at least some of them are
good candidates for period bouncers (Pdot close to zero
or even negative). It appears that objects with type-B
outbursts have two populations as already discussed in
subsection 6.3. This result is consistent with C. Nakata et
al. in preparation, who apparently found a population of
objects with type-B outbursts different from Nakata et al.
(2013b).
Thanks to the new estimate method of q using stage A
superhumps, we can now recognize the outburst type as
a kind of evolutionary sequence (type C → D → A → B
→ E, with some outliers for type-B objects). Theoretical
interpretation of the relation between q and Pdot and of
these different types of rebrightenings are eagerly sought.
7.7. Duration of Stage A Superhump Phase
We placed this subsection here since it is most related
to the mass-ratio issues. As discussed in subsection 6.3,
the growth time of the 3:1 resonance is a dependence
of 1/q2 (Lubow 1991a; Lubow 1991b), and it was orig-
inally suggested for explaining the delay of appearance
of superhumps, although Osaki, Meyer (2003) later did
not adopt this interpretation for the delay of appearance
of superhumps. We can now measure the growth time
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of stage A superhumps. We used the same in table 4
(excluding HO Cet, which was not sufficiently sampled).
The durations of stage A were estimated from the lower
limit of E1 (start of stage B in cycles) in summary ta-
bles such as table 2 in Kato et al. (2009a). Two objects
have been added from C. Nakata et al. in preparation
(cf. subsection 7.8): OT J230425 with PSH=0.06628(6) d
(stage B), Pdot=−3.9(2.4), duration of stage A = 123 cy-
cles and OT J075418 with PSH=0.07076(1) d (stage B),
Pdot=−2.4(0.5), duration of stage A = 190 cycles We
should note these durations are lower limits rather than
firm estimates, since there are usually gaps in observa-
tion lasting less than 1 d and it is usually difficult to de-
tect low-amplitude stage A superhumps in the beginning.
The estimates, however, are not expected to be shorter by
more than 20 cycles (corresponding to ∼1 d) than the real
values. We did not plot these uncertainties in the figures.
The relation period variations and duration of stage A
phase for WZ Sge-type objects is shown in figure 22. The
upper panel directly shows the comparison between Pdot
and duration of stage A phase. Objects with lower Pdot
have longer stage A phases. Considering that Pdot is a
good measure of q (subsection 7.5), this relation agrees to
what is expected. In the lower panel, estimated q values
using equation (6) are used. The slope in the log-log dia-
gram is expected to be −2 if the growth time has a 1/q2
dependence. The result appears to be consistent with this
expectation. We consider that the duration of stage A
phase can be a useful probe for estimating the evolution-
ary phase, even if ǫ∗ or Pdot is not directly determined.
7.8. Period Bouncers
Period bouncers are CVs past the period minimum.
The presence of the period minimum was proposed early
(Paczyn´ski, Sienkiewicz 1981). Rappaport et al. (1982)
and Paczyn´ski, Sienkiewicz (1983) are early model calcu-
lations of the CV evolution. There have been many refined
model calculations (Kolb 1993; Kolb, Baraffe 1999; Howell
et al. 2001). Although we do not intend to go deep into
the problems of CV evolution, it has widely been recog-
nized that evolutionary time of CVs is significantly shorter
than the Hubble time, and most of CVs must have already
passed the period minimum. This implies there must be
many period bouncers.
Observational evidence for this picture had been scarce
until SDSS discovered many faint CVs (Ga¨nsicke et al.
2009). Ga¨nsicke et al. (2009) was the first to demonstrate
the presence of the “period spike” around the period min-
imum. However, period bouncers still remained elusive
objects. Although eclipse observations have revealed a
number of objects which contain secondaries whose masses
are comparable to brown dwarfs (see subsection 7.1 for
such objects), the majority of the theoretically expected
period bouncers remained almost a missing population.
Although Patterson (2011) listed candidates based on sev-
eral criteria, most of the listed objects did not meet suffi-
ciently many criteria. Patterson (2011) listed estimates of
q values for some objects using the traditional method for
converting fractional superhump excesses to q. As already
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Fig. 22. Relation between period variations and duration of
stage A phase for WZ Sge-type objects. (Upper) Relation be-
tween Pdot and duration of stage A phase. Objects with lower
Pdot have longer stage A phases. (Lower) Relation between
q estimated from equation (6) and duration of stage A phase
(in log scale).
introduced in subsection 7.2, this traditional method gives
systematically small q values for low-q objects like WZ
Sge-type objects (Kato, Osaki 2013b), and some of the
listed objects in Patterson (2011) may not be good can-
didates for period bouncers.
Kato et al. (2013b) found that SSS J122221 showed two
successive superoutbursts (currently classified as type-
E outburst) and that superhumps developed during the
second superoutburst. Stage A superhumps and post-
superoutburst superhumps were detected and Kato et al.
(2013b) obtained a stringent limit of q < 0.05 based on
the stage A superhumps and dynamical precession model
(subsection 7.2). Combined with the long superhump pe-
riod (∼0.0765 d), this object, together with OT J184228
showing type-E outburst, was proposed to be the best
candidate for period bouncers.
Following this work, Nakata et al. (2014) identified two
objects (OT J075418, OT J230425) as additional good
candidates. These objects, together with SSS J122221
and OT J184228, share common properties: (1) extremely
long-lasting phase (100–200 cycles) of stage A (subsec-
tion 7.7) and (2) very slow fading rates (less than 0.05
mag d−1) (subsection 4.5) and (3) long superhump peri-
ods (longer than 0.065 d). We consider they are currently
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known best criteria of period bouncers if they undergo
superoutbursts. Nakata et al. (2014) also made a sta-
tistical consideration assuming that mass-transfer rates
(from the secondary) for these systems are 10–100 times
lower than ordinary SU UMa-type objects with similar
superhump periods, based on the standard evolutionary
model assuming the gravitational wave radiation as the
main source of angular momentum loss, reached a conclu-
sion that the recently discovered fraction of these candi-
date period bouncers among SU UMa-type dwarf novae
can account for the theoretically expected population of
period bouncers. Characterization of these objects by de-
tailed observations is now desired to unveil the nature of
period bouncers. A further search for objects (some ob-
jects are already proposed in this paper, see section 10)
using the above criteria will surely enrich our knowledge
in period bouncers and CV evolution.
7.9. Long-Period Objects
There are objects other than (candidate) period bounc-
ers with long orbital periods (approximately longer than
0.07 d, see subsection 3.4) which show early superhumps
and classified as WZ Sge-type in this paper. If the sec-
ondary is a normal lower main-sequence star, the q values
for such systems should fall far outside the upper limit
(q=0.09 according to subsection 7.4) of the 2:1 resonance.
There are two possibilities in such systems: (1) either the
white dwarf and or the secondary is anomalous and the
true q is smaller, or (2) higher-q systems enable the 2:1
resonance in certain conditions. We consider (2) as an
interesting possibility, since these objects have longer re-
currence times compared to ordinary SU UMa-type dwarf
novae. The outburst amplitude is also large (8.0 mag in
V1251 Cyg). We consider that in such systems the mass is
more accumulated than in ordinary SU UMa-type dwarf
novae and the disk can reach the 2:1 resonance when the
outburst is violent enough.
7.10. Absolute Magnitudes in Quiescence
Warner (1987) showed that the absolute magnitudes
of outbursting dwarf novae are almost constant following
a weak linear function of the orbital period. Patterson
(2011) refined the relation using greatly improved statis-
tics and showed that the absolute magnitudes of outburst-
ing dwarf novae are a good “standard candle”. The rela-
tion has a theoretical foundation (Osaki 1996; Cannizzo
1998; Smak 2000) assuming that the disk-instability
model is responsible for dwarf nova outbursts (section 8).
As we will see in subsection 8.2, WZ Sge-type super-
outbursts are different from ordinary SU UMa-type super-
outbursts in that there is a phase of viscous decay before
ordinary superhumps appear. During this phase, the disk
mass is much larger than ordinary SU UMa-type super-
outbursts and the maximum brightness is not expected
to be a standard candle. We instead used the magnitude
when ordinary superhumps appears. As we will see in
subsection 8.2, the disk is expected to have a size close to
the radius of 3:1 resonance and the condition is analogous
to ordinary SU UMa-type superoutbursts. In table 5, we
collected magnitudes of WZ Sge-type objects when ordi-
nary superhumps appear [the data source is observations
in Kato et al. (2009a)–Kato et al. (2015)]. The measure-
ment of these magnitudes is usually very easy and has a
typical error of ±0.1 mag. Only the objects with certain
quiescent magnitudes (such as SDSS magnitudes) are se-
lected in the table. The order of the table is the same as
in table 6. We have added candidate period bouncers at
the bottom for comparison purposes even though some of
these objects do not have certain quiescent magnitudes.
Since there is no estimate for the absolute magnitude
when ordinary superhumps appear in the literature, we
describe them as differences from quiescent magnitudes.
In figure 23, we show the result together with SU UMa-
type objects other than WZ Sge-type objects (we call or-
dinary SU UMa-type objects in this subsection). Since
this figure is only for a comparison purpose, we omit the
table and source information for each SU UMa-type ob-
ject to avoid too much complexity and simply list the ob-
jects as the form of a footnote.6 In this diagram, ordinary
SU UMa-type objects are widespread, while WZ Sge-type
objects have surprisingly similar outburst “amplitudes”
when superhumps start to appear. The mean and stan-
dard deviation of these values (excluding candidate period
bouncers) are 6.4 and 0.7 mag, respectively. The values
for the SU UMa-type objects are 4.3 and 1.1 mag, re-
spectively. Considering the variability in quiescence and
the effect of inclination (we neglected the both effects), it
would not be an exaggeration to say that all WZ Sge-type
objects essentially have the same outburst “amplitudes”
when superhumps start to appear. If the absolute mag-
nitude at the appearance of ordinary superhumps is con-
stant, this implies that the quiescent absolute magnitudes
in WZ Sge-type objects are almost the same, which gives
somewhat different impression from figure 4 in Patterson
(2011).
Another surprise is that these “amplitudes” are only
marginally larger (only by 0.8 mag) in period bouncers
(mean 7.2 mag and standard deviation 0.6 mag) compared
to WZ Sge-type objects. If it is indeed the case, absolute
magnitudes in quiescence may not be a useful tool for
selecting period bouncers.
We consider the zero point of this figure bu two meth-
ods. The first one is according to the well-known relation
in Warner (1987). The absolute magnitude of the outburst
is
MV (max) = 5.64− 0.259Porb(hr). (7)
For Porb of most WZ Sge-type objects, this relation gives
MV (max)=5.3 [the dependence on Porb is so small that
even if we assume a period of 2.0 hr, MV (max)=5.1].
7
6 KX Aql, VY Aqr, EG Aqr, TT Boo, V342 Cam, V391 Cam, OY
Car, GX Cas, HT Cas, WX Cet, Z Cha, PU CMa, YZ Cnc, GO
Com, TV Crv, V503 Cyg, KV Dra, MN Dra, AQ Eri, AW Gem,
V844 Her, CT Hya, MM Hya, VW Hyi, WX Hyi, RZ LMi, SX
LMi, BR Lup, V453 Nor, DT Oct, V1032 Oph, V1159 Ori, V368
Peg, QY Per, AR Pic, TY PsA, V893 Sco, NY Ser, V493 Ser, RZ
Sge, SU UMa, SW UMa, SW UMa, BZ UMa, CY UMa, DI UMa,
DV UMa, ER UMa, IY UMa, KS UMa, HS Vir, QZ Vir.
7 Warner (1987) did not make special distinction between the out-
No. ] WZ Sge-Type Dwarf Novae 25
0.05 0.06 0.07 0.08 0.09 0.10
2
4
6
8
period bouncersWZ Sge−type
SU UMa−type
Fig. 23. Amplitude of outburst at the time of appearance
of ordinary superhumps. The filled circles, open circles and
filled stars represent WZ Sge-type, SU UMa-type (other than
WZ Sge-type) and period bouncers, respectively. The data for
WZ Sge-type objects and period bouncers are from table 5.
The data for SU UMa-type objects are from various sources,
including VSNET data, AAVSO data, CRTS data and SDSS
data and periods from Kato et al. (2009a)–Kato et al. (2015).
The orbital periods for the objects only with superhump pe-
riods were estimated the relation between the orbital and su-
perhump periods (equation 6 in Kato et al. 2012a).
According to our assumption, the condition when ordinary
superhumps appear is the same both in ordinary SU UMa-
type objects and WZ Sge-type objects. If it is indeed the
case, we can adopt the zero point of MV=5.3 for this
figure.
The second one is to use the WZ Sge-type objects with
known parallaxes. The distance of 43.5(±0.3) pc for WZ
Sge (Harrison et al. 2004; Thorstensen 2003), 104(+30,
−20) pc for GW Lib (Thorstensen 2003), and 74 pc for
V455 And (listed in Patterson 2011), give zero points of
6.7, 5.1(±0.6) and 6.6, respectively. Since WZ Sge and
V455 And are high-inclination systems, and GW Lib is
nearly a pole-on system (Thorstensen et al. 2002), these
values need to be corrected. By using the corrections
in table 1 in Patterson (2011), these values become 5.5,
6.0(±0.6) and 5.9, respectively. Considering the uncer-
tainties, the zero point of the figure will be in the range
of MV=5.3 and MV=5.8. This value is close to the abso-
lute magnitude of the plateau phase of MV=5.5(±0.2) in
Patterson (2011).
We consider the magnitude when ordinary superhumps
start to appear is an excellent index (for estimating the
distance or the absolute quiescent magnitude) since it is
easily defined observationally and can be easily measured
to an accuracy of 0.1 mag.
burst types. The values of mV (max) for SU UMa-type dwarf
novae are in agreement with our magnitudes when superhumps
start to appear within 0.5 mag.
Table 5. Brightness when Superhumps Appear.
Object Year Mag1∗ Mag2† Porb
‡
WZ Sge 2011 9.9 15.3 0.05669
AL Com 1995 13.6 19.8 0.05667
AL Com 2001 13.5 19.8 0.05667
AL Com 2013 13.6 19.8 0.05667
EG Cnc 1996 12.5 18.0 0.05997
HV Vir 1992 13.3 19.2 0.05707
HV Vir 2002 13.2 19.2 0.05707
HV Vir 2008 13.4 19.2 0.05707
RZ Leo 2000 12.7 18.7 0.07603
RZ Leo 2006 12.6 18.7 0.07603
QZ Lib 2004 12.2 18.8 0.06460s
UZ Boo 2003 12.8 19.7 0.0620s
UZ Boo 2013 12.7 19.7 0.0620s
V592 Her 1998 14.7 21.4 0.0561
V592 Her 2010 14.6 21.4 0.0561
ASAS J102522 2006 12.5 19.3 0.06136
EZ Lyn 2010 12.6 17.8 0.05901
GW Lib 2007 10.2 17.2 0.05332
V455 And 2007 10.9 16.1 0.05631
OT J111217 2007 14.4 20.9 0.05847
SDSS J161027 2009 14.6 20.1 0.05687
CRTS J104411 2010 13.7 19.3 0.05909
OT J012059 2010 14.2 20.1 0.05716
V355 UMa 2011 10.8 17.7 0.05729
OT J210950 2011 12.2 18.7 0.05865
SV Ari 2011 15.0 22.1 0.05552s
BW Scl 2011 10.7 16.5 0.05432
PR Her 2011 13.7 21.0 0.05422
MASTER J211258 2012 15.2 21.3 0.05973
OT J232727 2012 14.9 21.8 0.05277
MASTER J081110 2012 15.0 22.1 0.05814s
OT J112619 2013 15.8 21.8 0.05423
∗Brightness when ordinary superhumps appear.
†Quiescent brightness.
‡Orbital or superhump (s) period.
8. Outburst Mechanism
8.1. History
The high-amplitude of the outburst (typically 8 mag),
extremely long cycle length (22–33 yr in WZ Sge) and
the long duration of the outburst were main features
which puzzled researchers. The WZ Sge-type objects be-
came recognized just in pace with the development of
the disk instability (DI) model: Osaki 1974; Ho¯shi 1979;
Meyer, Meyer-Hofmeister 1981) and there were heated
debates between the mass-transfer burst (MTB) model
(originally Bath 1973). In recent years, there have been
a wide consensus that the DI model generally accounts
for the outburst phenomenon of dwarf novae (cf. Warner
1995; Hellier 2001a). After the debates over the cause
of dwarf nova-outburst settled, the next target of de-
bates became superoutbursts of SU UMa-type dwarf no-
vae. Osaki (1985) was the first to propose irradiation-
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Table 5. Brightness when Superhumps Appear (continued).
Object Year Mag1∗ Mag2† Porb
‡
GR Ori 2013 14.7 22.4 0.05833s
MASTER J165236 2013 15.7 22.1 0.08473
MASTER J181953 2013 15.0 21.6 0.05684
PNV J191501 2013 11.7 18.5 0.05706
ASASSN-13ax 2013 14.8 21.2 0.05616s
ASASSN-13ck 2013 14.8 20.8 0.05535
TCP J233822 2013 14.9 21.5 0.05726
MASTER J005740 2013 16.7 20.9 0.05619
ASASSN-14ac 2014 15.3 21.6 0.05855s
PNV J172929 2014 14.3 21.5 0.05973
ASASSN-14cl 2014 11.9 18.8 0.05838
ASASSN-14cv 2014 12.9 19.2 0.05992
FI Cet 2014 15.5 21.6 0.05594
OT J230523 2014 13.4 19.8 0.05456
OT J030929 2014 12.2 18.9 0.05615
ASASSN-14jv 2014 12.5 19.3 0.05442
ASASSN-15bp 2014 13.7 20.5 0.05563
Long-period and borderline systems
V1251 Cyg 2008 13.5 20.5 0.07433
BC UMa 2003 12.6 18.5 0.06261
Candidate period bouncers
OT J230425 2010 13.7 21.1 0.06628s
OT J184228 2011 13.6 20.6 0.07168
SSS J122221 2013 12.3 18.8 0.07649s
OT J075418 2013 14.9 22.8 0.07076s
OT J060009 2014 12.9 20.2 0.06331s
∗Brightness when ordinary superhumps appear.
†Quiescent brightness.
‡Orbital or superhump (s) period.
induced mass-transfer variation as the cause of super-
outbursts. Although this author retracted this idea by
proposing the thermal-tidal instability (TTI) model for
SU UMa-type dwarf novae (Osaki 1989), the modified
MTB-type idea has been studied by many researchers
(most notably, Smak 1991, Smak 2004 are representative
recent papers).
Most recently, Osaki, Kato (2013a) used Kepler data
for V1504 Cyg and succeeded in demonstrating the disk
radius variation using negative superhumps. The varia-
tion of the disk radius exactly confirmed the prediction
by the TTI model, and this observation became the best
proof for the TTI model for ordinary SU UMa-type dwarf
novae.8
The situation for WZ Sge-type outbursts is less clear.
Patterson et al. (1981) is the first to identify the highly
enhanced orbital variation (currently identified as early
superhumps) during the initial nights of the 1978–1979
outburst of WZ Sge. Based on the amplitudes of orbital
humps, Patterson et al. (1981) estimated an enhancement
of the mass-transfer rate during the outburst by a fac-
tor of 60–1000. This observation was supportive of the
8 The criticisms by Smak (2013) have been confuted by Osaki, Kato
(2014).
MTB model for the WZ Sge-type outburst. During the
2001 superoutburst of WZ Sge, Ishioka et al. (2002) dis-
covered that early superhumps developed while the object
was still brightening (see also subsection 5.2), which ex-
cluded the possibility that the outburst is initiated by a
sudden mass-transfer burst. After lucid explanation of
early superhumps by the 2:1 resonance by Osaki, Meyer
(2002), Patterson et al. (2002) considered that the 2:1
resonance is the most promising explanation for early su-
perhumps. Patterson et al. (2002), however, claimed the
detection of enhanced orbital humps in the phase-averaged
light curves in the later stage, and claimed that they are
the best evidence for enhanced mass-transfer in WZ Sge-
type outburst. Osaki, Meyer (2003) discussed this issue
and they concluded that the enhanced orbital humps are
the aspect effect in a high-inclination system by model-
ing the orbital light curves based on dissipation pattern
of the superhump light source. According to Osaki, Meyer
(2003), what looked like the enhanced hot spot by eclipse
observations by Patterson et al. (2002) is actually the su-
perhump light source.
8.2. Main Outburst
Both DI(TTI)-type model and DI model modified by
the MTB-type effect have been proposed to explain out-
bursts of WZ Sge-type objects. The most serious con-
sequence for the DI-type model is that it requires ex-
tremely low quiescent viscosity is needed (αC < 0.00005:
Smak 1993; αC < 0.003: Osaki 1995a) to explain the ex-
treme interval (33 yr) of outbursts in WZ Sge by avoid-
ing inside-out outburst caused by viscous diffusion during
quiescence. There are two approaches to tackle with this
problem: (1) the quiescent viscosity is indeed extremely
low in WZ Sge-type objects, and (2) quiescent viscosity is
similar to that of ordinary SU UMa-type dwarf novae, but
outbursts are suppressed. The approach (1) is by Osaki
(1995a), while a representative approach (2) is by Lasota
et al. (1995), who considered the truncation of the inner
disk either by magnetic fields (Livio, Pringle 1992) or by
the coronal syphon flow (Meyer, Meyer-Hofmeister 1994)
and avoided thermal instability to occur. The outburst
should necessarily by initiated by MTB-type enhanced
mass-transfer in the latter model.
Warner et al. (1996) proposed a model in that the inner
disk is truncated by the magnetism of the white dwarf
and the mass-transfer rate is just above the critical mass-
transfer rate. This model did not require an enhanced
mass-transfer to produce an outburst.
Although Warner et al. (1996) succeeded in reproducing
the long recurrence time, such an approach with a stan-
dard αC have their own problem, that is, the resultant
duration of the outburst should be shorter than reality
[i.e. the duration should be similar to ordinary SU UMa-
type dwarf novae; in the case of Warner et al. (1996), the
duration was only 6 d] since the stored mass is roughly
inversely proportional to αC [Osaki (1996); Osaki (1998),
who referred to such a disk as a “leaky bucket” in com-
parison to a low-αC as a “big bucket”]. Meyer-Hofmeister
et al. (1998) also criticized the model by Warner et al.
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(1996) based on the short duration of the computed out-
burst and on the absence of short outbursts preceding
superoutburst in actual observation.
In the meantime, the origin of the quiescent viscosity
became more apparent, and αC can become very small
in cold accretion disks (such as in the disks with very
low mass-transfer rate as in WZ Sge-type objects) since
the magnetic fields decay due to finite conductivity in the
cold disk (Gammie, Menou 1998). This interpretation was
proposed by Osaki et al. (2001), who considered a model
to reproduce repetitive rebrightenings in EG Cnc.
Although there have recently been less arguments
against the low-αC model after the development of our
knowledge about the origin of viscosity in accretion disks,
attempts with standard αC in line with the idea byWarner
et al. (1996) have been sought [e.g. “magnetic propeller”
model in Matthews et al. (2007)]. For a detailed com-
parison of different models, see Meyer-Hofmeister et al.
(1998).
In the TTI model, the WZ Sge-type outburst is ex-
plained in the following way (Osaki 1995a; Osaki, Meyer
2003). Since αC is sufficiently low [the model by Osaki
(1995a) considered no viscosity in quiescence, and Meyer-
Hofmeister et al. (1998) considered the consequences of
a finite viscosity], the transferred matter does not spread
by diffusion and stored in the outer part of the disk. This
condition avoids the matter to spread to the inner disk and
cause an inside-out outburst, which is not supported by
observation. The accumulation time is long enough, and
the stored angular momentum is sufficient to expand the
disk beyond the 3:1 resonance once outburst occurs and
all outbursts become superoutbursts (cf. Ichikawa, Osaki
1994; Osaki 1996). Since the stored mass in the disk is
large, the outburst starts with a long viscous decay (sub-
section 4.1), and when the 3:1 resonance starts working,
superhumps develop and the outburst follows the evolu-
tion of a superoutburst of ordinary SU UMa-type dwarf
novae. The main difference in this model from ordinary
SU UMa-type dwarf novae is the absence of normal out-
bursts and the presence of a long viscous decay at the start
of the superoutburst. At the time of Osaki (1995a), early
superhumps were not known and the 2:1 resonance was
not considered. Later this viscous decay phase is found to
be governed by the 2:1 resonance and this resonance sup-
presses the growth of the 3:1 resonance (subsection 6.3).
8.3. Mechanism of Repeated Rebrightenings
The repeated rebrightenings of EG Cnc (1996–1997) at-
tracted many researchers. Osaki et al. (1997) proposed a
working model in which the rebrightenings could be re-
produced if αC remained higher than in quiescence some
time after the end of the main superoutburst. Osaki et al.
(1997) originally considered the possible source of this
high αC as a result of remaining turbulence in the disk
which remains eccentric for a long time after the end of
the superoutburst. This model was refined by consider-
ing the magneto-hydrodynamics (MHD) origin of viscosity
and its decay after the superoutburst (Osaki et al. 2001).
Kato et al. (1998) noted that systems with rebrighten-
ing(s) and systems with positive Pdot are well correlated.
As introduced in subsection 6.2, Kato et al. (1998) con-
sidered that positive Pdot is a result of expansion of the
disk beyond the 3:1 resonance, and suggested an interpre-
tation that the matter beyond the 3:1 resonance produces
rebrightenings. Although such an expansion of the disk
has not been confirmed by numerical simulations (it is
essentially difficult to introduce disk instability-type con-
dition in 2-dimensional or 3-dimensional hydrodynamic
simulation), this “reservoir of cool matter” beyond the
3:1 resonance has been favored by infrared excess (sub-
section 4.6) and the presence of Na D absorption during
the rebrightening phase (subsection 4.7). We consider the
matter beyond the 3:1 resonance is still a viable hypoth-
esis. Osaki et al. (2001) also followed this interpretation
as the source of mass supply to the disk.
In the original TTI model (Osaki 1989), the termina-
tion of the superoutburst could not be physically derived
but was treated as a free parameter to best reproduce the
observation. It was naively (with some observational sup-
port) considered that when the disk no longer becomes
sufficiently eccentric, the tidal instability became insuffi-
cient to sustain the superoutburst and the rapid decline
starts.
Hellier (2001b) reconsidered this issue and proposed
that in objects with small tidal torques (i.e. small-q sys-
tems with q <∼ 0.07) the state of the superoutburst can
be quenched even in the presence of an eccentric disk.
Hellier (2001b) showed this decoupling of thermal and
tidal instabilities can explain both rebrightenings in WZ
Sge-type objects and short recurrence times of ER UMa-
type objects (Kato, Kunjaya 1995; Robertson et al. 1995).
According to Hellier (2001b), the low-q condition is com-
mon between these objects and the only difference is that
WZ Sge-type objects have very low mass-transfer rates
while ER UMa-type objects show high ones. This idea
of decoupling was an extension of the working model by
Osaki (1995b) to reproduce the extremely short (19 d)
supercycle of RZ LMi, and the smaller tidal effect for
the matter beyond the 3:1 resonance followed Kato et al.
(1998).
The recently published paper by Meyer, Meyer-
Hofmeister (2015) followed the same line as in Osaki et al.
(2001) and indicated that rebrightenings can be under-
stood as “repeated reflections of transition waves which
mediate changes between the hot and the cool state of
the accretion disk and travel back and forth in the outer
disk region”. In this interpretation, the inner part of the
disk remains permanently hot during the rebrightening
phase. Meyer, Meyer-Hofmeister (2015) also explained
“mini-rebrightenings” as a result of the intermediate state
in the so-called S-shape of the thermal equilibrium curve.
Meyer, Meyer-Hofmeister (2015) also supposed the neces-
sity of continuous mass inflow from the outermost region,
and they ascribed this source to the storage of matter be-
yond the 3:1 resonance, as originally suggested by Kato
et al. (1998). Meyer, Meyer-Hofmeister (2015) also noted
that observations indicate faster rise than decline in re-
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brightenings (cf. subsection 4.4), indicating that the heat-
ing wave should move faster than the cooling wave.
As the term “echo outbursts” was originally introduced
to describe phenomenon in X-ray binaries (Augusteijn
et al. 1993), which is somewhat different (repeated up-
ward deviations from the exponential declines in classi-
cal X-ray transients) from the phenomenon in WZ Sge-
type dwarf novae and these “echoes” in X-ray binaries
were interpreted as the irradiation-induced mass-transfer,
it was quite natural that there were MTB-type explana-
tions for WZ Sge-type rebrightening. [We should note
that Kuulkers et al. (1996) already indicated that the ir-
radiation effect is expected to be much smaller in dwarf
novae than in X-ray transients. See also Kuulkers (1998)
and Kuulkers (2000)]. Hameury et al. (2000) tried to re-
produce rebrightenings in EG Cnc by an enhanced mass-
transfer. Hameury et al. (2000) partly succeeded in repro-
ducing the light curve. Patterson et al. (2002) supported
this interpretation by the claimed detection of enhanced
orbital humps during the rebrightening phase. As is evi-
dent from the result of numerical simulation by Hameury
et al. (2000), this type of enhanced mass-transfer results
a temporary shrinkage of the disk radius (cf. Ichikawa,
Osaki 1992). Recent observations of systems with mul-
tiple rebrightenings did not show such a shrinkage of
the disk radius as determined from the superhump pe-
riods with the modern interpretation of precession rates,
since the pressure effect can be neglected in cool, post-
superoutburst disks (C. Nakata et al. in preparation). We
consider that the enhanced mass-transfer model is not cur-
rently a viable one for explaining (at least for) repeated
rebrightenings.
There are, however, remaining problems to be solved.
The above models have no interpretation why some
WZ Sge-type objects show rebrightening(s) while oth-
ers do not. As we have seen in this paper (subsection
7.6), higher-q objects tend to show single rebrightenings.
Intermediately low-q objects (around the period minimum
in CV evolution) tends to show no rebrightenings. Even
lower-q objects show long rebrightenings or repeated re-
brightenings (we should note that some higher-q object
also show repeated rebrightenings). This sequence of re-
brightening type needs to be reproduced by further the-
oretical studies. The existence of a precursor outburst
in long rebrightening and renewed growth of superhumps
(subsection 4.4) is also a problem to be solved.
8.4. Intermediate Polar
Since various outburst models (particularly models with
standard αC) assume the magnetism of the white dwarfs,
we place this subsection here. Up to now, the only ob-
ject with confirmed intermediate polar (IP)-type nature is
V455 And (Araujo-Betancor et al. 2005a; Silvestri et al.
2012; Bloemen et al. 2013) which has a spin period of
67 s. Various authors (e.g. Warner, Pretorius 2008) im-
ply that the 27.87s oscillation of WZ Sge (in quiescence,
e.g. Patterson et al. 1998) may be the spin period of the
white dwarf. If it is the case, this is the fastest rotation
white dwarf among CVs. There is, however, no direct
confirmation of the IP nature (such as by UV pulsation).
There have been arguments about the nature of short-
period oscillations in WZ Sge (see e.g. Skidmore et al.
1999; Knigge et al. 2002), which have made the origin of
the 27.87-s oscillation still an open question.
Observational evidence for the IP nature in WZ Sge-
type objects in general has been weak. Most of them are
not strong X-ray emitters, nor the quiescent spectra show
lines usually associated with IPs (such as Heii). We should
consider that the behavior of most of WZ Sge-type objects
needs to be explained without strong magnetism of the
white dwarf. There remains a possibility that the presence
of the magnetism in certain systems may strengthen the
WZ Sge-type feature, such as the long recurrence time.
8.5. Long-Term Trend in Quiescence
Kuulkers et al. (2011) studied long-term trends in WZ
Sge using historical photographic, visual and photoelec-
tric (including CCD) data in quiescence and suggested
the gradual fading trend between the superoutbursts.
Kuulkers et al. (2011) proposed this fading can be ex-
plained by the formation of a hole in the disk and gave
the consequences in relation to the outburst models and
the appearance of the supposed spin period. We should
note, however, such an analysis based on visual observa-
tions is very dangerous, particularly for WZ Sge. WZ Sge
has a notorious close companion which is very difficult
to resolve by visual observations. It is most likely many
AAVSO observers in the past reported the combined light,
resulting brighter magnitudes. This effect is stronger for
smaller telescopes, and the secular decline may simply be
a reflection of the increase of the telescope size. There
was also a “psychological” effect: in the 1980s, the qui-
escent magnitude of WZ Sge was believed to be around
15.0 (the source is currently unknown) by amateur ob-
servers, and many observers reported similar magnitudes,
including the VSOLJ observers. This belief should have
strongly biased the mean magnitudes. Such psycholog-
ical biases are frequently present in visual observations
– the observed minimum magnitudes were often close to
the cataloged magnitudes at the time. Special attention is
necessary to use visual observations (especially faint ones)
in statistical study.9
9. Other Problems
9.1. Long-Period Superhumps in Quiescence
Abbott et al. (1992) detected periodic modulations
(89.6 min = 0.0622 d) in AL Com in quiescence. Although
9 A good example is SS Aur, whose minimum magnitude was be-
lieved to be (or shown in variable star charts) 14.5–15.0 in the
1980s by amateur observers, but is now recognized to be around
V=16.0. There was secular fading trend in the AAVSO data cor-
responding to this change, and it is difficult to see whether it is a
real change or a psychological effect (cf. the “SS Aur problem”,
vsnet-chat 6148). There was a so-called “telephone effect” that
some observers communicated by phone before making reports,
and the resultant magnitudes of these observers tended to become
similar values. The same thing could easily happen if observers
see other observers’ quiescent observations.
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it was originally suspected to be the orbital period, the
true orbital period was later identified, giving an ǫ of
0.098. Patterson et al. (1996) suggested such a large
ǫ could arise from the disk close to the 2:1 resonance.
There have been similar, but less confirmed, cases: BW
Scl (Uthas et al. 2012), EQ Lyn (Szkody et al. 2010, not
included in table 6 since no outburst has been recorded)
and V455 And (Araujo-Betancor et al. 2005a). The pos-
sibility of the disk precession around the radius of 2:1 res-
onance was examined in Kato, Osaki (2013b) and indeed
the observed ǫ can be reproduced with a large, but still
reasonable, disk if the disk sufficiently expands in quies-
cence. It is not known whether the development of the 2:1
resonance in quiescence producesm=2 (spiral) pattern as
in early superhumps and suppress the m= 1 (one-armed)
mode required for singly peaked superhumps.
9.2. Double-Wave Modulations in Quiescence
It has been well known that quiescent orbital variations
of high-inclination WZ Sge-type objects (and SU UMa-
type dwarf novae with low mass-transfer rates) frequently
have double-wave modulations. Good examples are seen
in WZ Sge and AL Com (Patterson et al. 1996), V455 And
(Araujo-Betancor et al. 2005a; Kato et al. 2009a), V386
Ser (Mukadam et al. 2010, not included in table 6 since no
outburst has been recorded), EZ Lyn (Kato et al. 2009b;
Zharikov et al. 2013), BW Scl (Augusteijn, Wisotzki 1997;
Kato et al. 2013a). The classically accepted interpretation
of this phenomenon is a result of a semi-transparent accre-
tion disk (due to the low mass-transfer rate) which allows
the light from the hot spot to escape in two directions
(Skidmore et al. 2000).
Zharikov et al. (2008) suggested an interpretation that
the disk can reach the 2:1 resonance to produce these
double-wave modulations, although Zharikov et al. (2006)
initially considered that in quiescence there is no chance
that the disc extends as far as the 2:1 resonance.
Kononov et al. (2015) recently proposed another mecha-
nism based on the results of three-dimensional simulations
of the gas dynamics. Kononov et al. (2015) suggested that
the interaction between a precessing spiral density wave,
which is essentially at rest in the observer’s frame, and
shock regions produces enhances the energy release and is
observed as humps. This interpretation can explain the
occasional presence of four humps in one orbital cycle.
9.3. Mini-brightening in Quiescence
Szkody et al. (2006) reported temporary brightening
of EZ Lyn in quiescence by 0.5 mag. The phenomenon
lasted at least a few hours. Zharikov et al. (2006) re-
ported similar phenomena with durations of 8–12 hr in
V406 Vir (a WZ Sge-type candidate which has not un-
dergone an outburst). Both authors favored variation in
the mass-transfer as the cause of such phenomena. Aviles
et al. (2010) further reported a period of 9.28 hr for this
phenomenon in V406 Vir. Aviles et al. (2010) suggested
the 2:1 resonance as the origin of double wave modula-
tions in quiescence and variation in the mass-transfer as
the cause of mini-brightening in quiescence. Aviles et al.
(2010) speculated some kind of feedback between the disk
and the secondary to explain the recurrent nature of mini-
brightening. Currently only two objects are known to
show this type of variation.
10. List of WZ Sge-Type Dwarf Novae
10.1. List of Confirmed Objects
We present an updated list of WZ Sge-type dwarf no-
vae, approximately following the style of table 5 in Kato
et al. (2001). The list covers the object up to Kato et al.
(2015), approximately up to 2015 January. We included
objects having properties (almost) unique to WZ Sge-type
dwarf novae: existence of early superhumps (or long delay
in the appearance of ordinary superhumps) and/or mul-
tiple rebrightenings. A few object were selected based on
the outburst properties (large outburst amplitude and the
lack of previous outbursts) and other circumstantial ev-
idence (written in remarks). Candidate period bouncers
which showed superoutbursts were also included. We only
included objects in which early superhumps or ordinary
superhumps were detected. For the three very well-known
objects (WZ Sge, AL Com and GW Lib), we restricted the
references to basic or representative ones (we mostly re-
fer to papers on optical observations and did not include
those on detailed observations in quiescence or on theo-
retical considerations). For other objects, we listed more
complete references. The table is in the approximate or-
der of recognition as a WZ Sge-type member, following
the table format in Kato et al. (2001) (this agrees to the
epoch of outburst for recent objects).
The maximum and minimum magnitudes refer to the
V -band or SDSS g′-band whenever available. In other
cases, we used other bands (such as R, photographic, un-
filtered CCD magnitudes). Since most WZ Sge-type dwarf
novae have color indices in outburst close to 0 from V to
I, these magnitudes are good approximations to the V -
magnitudes. When the true outburst maximum was ap-
parently missed for a long time (several days or more), we
supplied the “]” mark (lower limit) for the maximum mag-
nitude. Although most of actual data are indeed lower
limits (true maxima are difficult to catch), we did not
supply the mark of lower limit for the objects whose early
part of the outburst was reasonably observed (e.g. suffi-
cient detection of early superhumps). Whenever available,
we adopted modern SDSS g′-magnitudes for the minimum
(c.f. Kato et al. 2012b). When modern CCD magnitudes
are not available, we used magnitudes from plate scans.
These magnitudes are often uncertain due to the faintness
of the objects in quiescence. We supplied “:” (uncertain)
sign for such values.
The values of PSH mostly refer to stage B superhumps.
This is not a serious issue since most WZ Sge-type dwarf
novae show only stage B superhumps and the duration of
stage C is short, if present.
The years of outbursts do not include likely normal out-
bursts (i.e. faint outbursts, which are usually single plate
detections). The information for these outbursts is given
as remarks.
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QY Per may belong to a class of long-period WZ Sge-
type systems (Kato et al. 2009a). No early superhumps
have yet been detected in this system.
10.2. Excluded Objects
One object, which has been listed as WZ Sge-type ob-
jects in some catalogs (like AAVSO VSX) have been ex-
cluded from the table.
V453 Nor: Although Imada, Monard (2006) reported
the possible detection of early superhumps during the
2005 outburst, this part of the light curve resemble the
fading part of a precursor outburst of an ordinary SU
UMa-type dwarf nova. The variation looks rather irregu-
lar and stage A superhumps may have mimicked double-
wave modulations of early superhumps. Two further nor-
mal outbursts were detected and Soejima et al. (2009)
suggested that this object may not be a very typical WZ
Sge-type dwarf nova. There was another superoutburst in
2014. Although stage A superhumps were observed, early
superhumps were not observed (Kato et al. 2015). The
range of variability is 12.6–17.1 (V ). The outburst am-
plitude of 4.5 mag is also small for a WZ Sge-type dwarf
nova.
10.3. Current Status of Candidates in Kato et al. (2001)
The updated information of the candidates listed in
Kato et al. (2001) are as follows (other than already con-
firmed as WZ Sge-type dwarf novae and listed in table
6).
RY Dor: Although there is no spectroscopic data, the
object (LMCN 1926-09a) is classified as a nova with a slow
decline of t3=200 d and the maximum absolute magnitude
of −6.9 in Shafter (2013). This object is more likely a slow
nova in the LMC.
KY Ara: Schaefer, Hoffleit (1994) suggested either a
large-amplitude dwarf nova, a fast nova in the SMC or a
gravitational microlensing event.
V359 Cen: The object is a well-confirmed ordinary SU
UMa-type dwarf nova (Kato et al. 2002a; Woudt, Warner
2001; Kato et al. 2009a; Kato et al. 2014a).
KX Aql: The object is a well-confirmed ordinary SU
UMa-type dwarf nova with relatively rare outbursts Kato
et al. (2010).
V336 Per: The object is a large-amplitude dwarf nova
without superhumps (see a discussion in Kato et al.
2012b).
IO Del: There was one confirmed outburst at an un-
filtered CCD magnitude of 16.73 on 2012 December 17.
The astrometry of the object is in agreement with the
cataloged object (vsnet-alert 15194).
AP Cru: Woudt, Warner (2002b) detected an orbital
period of 5.12 hr and a stable modulation at 1837 s. The
object is most likely an intermediate polar and the 1936
outburst was most likely a nova eruption.
CI Gem: The object is an ordinary SU UMa-type dwarf
nova with relatively rare outbursts Kato et al. (2009a).
NSV 895: The object is most likely a supernova with
Mpg = −19 in UGC 2172 at a distance of 1 Mpc (Kato
et al. 2012b).
AO Oct: The object is a well-confirmed ordinary SU
UMa-type dwarf nova (Patterson et al. 2003; Woudt et al.
2004; Kato et al. 2014a; Mason, Howell 2003).
V551 Sgr: The object is a well-confirmed ordinary SU
UMa-type dwarf nova (Kato et al. 2009a; Mason, Howell
2003).
GO Com: The object is a well-confirmed ordinary SU
UMa-type dwarf nova (Imada et al. 2005; Kato et al.
2009a; Kato et al. 2010; Kato et al. 2013a).
10.4. AM CVn-Type Objects with Multiple
Rebrightenings
Up to now, no definite detection of early superhumps in
AM CVn-type objects has been reported, although these
systems are expected to have low mass-ratios compara-
ble to hydrogen-rich WZ Sge-type objects [for recent re-
views of AM CVn-type objects, see e.g. Nelemans (2005);
Solheim (2010)].
Quite recently, SDSS J090221.35+381941.9 showed slow
growth of superhumps similar to (hydrogen-rich) period
bouncers. This superoutburst was preceded by a separate
precursor and followed by a rebrightening. This object
may be analogous to WZ Sge-type objects except that it
did not show early superhumps (Kato et al. 2014c).
Two recent AM CVn-type objects displayed multiple
rebrightenings: ASASSN-14ei (Prieto et al. 2014b; Prieto
et al. 2014a; at least 12 times) and ASASSN-14mv (cf.
Denisenko et al. 2014; at least 10 times). According to
Denisenko et al. (2014), ASASSN-14mv underwent out-
bursts in 1938 and 2011. The 2011 outburst was also a
superoutburst, and the interval between the recent two
superoutbursts ∼1430 d. Although these objects may be
helium counterpart of WZ Sge-type objects, we keep it
an open question since it is not yet known whether the
physics of the rebrightening is the same as hydrogen-rich
systems. AM CVn-type objects tend to more complex
light curves of superoutbursts (Kato et al. 2013a; Kato
et al. 2014b; Levitan et al. 2015). Oscillations similar
to WZ Sge-type objects were observed in objects with fre-
quent outbursts (V803 Cen: Kato et al. 2004b; V406 Hya:
Nogami et al. 2004), and this behavior may not be unique
to helium dwarf novae with very infrequent outbursts.
Kato et al. (2004b) suggested a possibility that the he-
lium disk is more difficult to maintain the hot state and
transitions to the cool state may occur more frequently
than in hydrogen disks. This possibility needs to be ex-
plored by theoretical modeling, which may provide a clue
to understanding the observed phenomena in hydrogen
disks, too.
11. Summary
We have summarized the current understanding and re-
cently obtained findings about WZ Sge-type dwarf novae.
We also reviewed the historical development of the under-
standing of these objects, provided the modern criteria,
and reviewed the past research in relation to superhumps,
early superhumps and the outburst mechanism.
We provided the updated list of nearly 100 WZ Sge-
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Object Max Min Amp∗ Porb
† PSH
‡ Outbursts§ Remarks‖ References
WZ Sge 7.0 15.3 8.3 0.05669 0.05722 1913, 1946, 1978, 2011 A/B, 1, 2 1, 2, 3, 4, 5, 6, 7, 8
AL Com 12.8 19.8 7.0 0.05667 0.05722 1961, 1965, 1975, 1995, A/B, 3 2, 8, 9, 10, 11, 12,
2001, 2007, 2013 13, 14, 15
EG Cnc 11.9 18.0 6.1 0.05997 0.06034 1977, 1996 B, 4, 5 16, 17, 18, 19
V2176 Cyg 13.3 19.9 6.6 – 0.0561 1997 A 20, 21, 22, 23
HV Vir 11.2 19.2 8.0 0.05707 0.05820 1929, 1970, 1992, 2002, D/C?, 6 8, 24, 25, 26, 27, 28,
2008 29, 30, 31
RZ Leo 12.1 18.7 6.6 0.07603 0.07853 1918, 1984, 2000, 2006 C, 4, 7 8, 31, 32, 33, 34, 35,
36
QZ Lib 11.2 18.8 7.6 – 0.06460 2004 B, 4 8, 37
UZ Boo 11.5 19.7 8.2 – 0.0620 1929, 1937, 1938, 1978, B, 8 8, 15, 38, 39, 40
1994, 2003, 2013
V592 Her 12.3 21.4 9.1 0.0561 0.05661 1968, 1998, 2010 D, 6, 9 8, 39, 41, 42, 43, 44,
45, 46, 47, 48
UW Tri 14.6 22.4 7.8 0.05334 0.05419 1983, 1995, 2008 D, 9 8, 49, 50, 51
CG CMa 13.7 [20 ]6.3 – 0.0636 1934, 1999 A 8, 52, 53, 54
LL And 12.6 20.1 7.5 0.05506 0.05658 1979, 1993, 2004 – 8, 31, 55, 56
V1108 Her 12.0 17.1: 5.1: 0.05672 0.05748 1932, 1934, 2004 D, 10 8, 57, 58, 59
FL Psc 10.5 17.5 7.0 0.05610 0.05709 1938, 2004 C, 6, 11 8, 60, 61, 62
V498 Vul 15.6 22.5 6.9 – 0.05990 2005, 2008 –, 12 8
DV Dra 15.0 22.2: 7.2: 0.05883 – 1984, 2005 –, 9 8, 63, 64, 65
V572 And ]16.4 [22.0 ]5.6 0.05487 0.05554 2005 A, 9, 13 8, 66, 67
HO Cet 12.0 19.0: 7.0: 0.05490 0.05599 2006 –, 9, 8
ASAS J102522 12.2 19.3 7.1 0.06136 0.06337 2006, 2011 C, 4, 6, 9 8, 62, 68
∗Amplitude of outburst (mag).
†Orbital period (d).
‡Superhump period (d).
§(Likely) normal outbursts are not listed.
‖Rebrightening type and remarks.
type dwarf novae mainly based on the data obtained by
the VSNET Collaboration up to Kato et al. (2015) and
discussed the statistics.
The major findings we obtained can be summarized as
follows.
• WZ Sge-type dwarf novae are best defined as ob-
jects showing early superhumps. These variations
are considered to be manifestation of the 2:1 reso-
nance, and the resonance condition makes a distinc-
tion between WZ Sge-type dwarf novae and ordinary
SU UMa-type dwarf novae. In addition to this, the
presence of long or multiple rebrightenings is also
(almost) unique to this class of objects.
• The median outburst amplitude is 7.7 mag and the
majority of objects have amplitudes larger than 7.0
mag.
• The orbital periods are mostly below 0.06 d, but
there are objects with longer periods, some of which
are considered to be period bouncers.
• The median interval of observed superoutbursts is
11.5 yr, although this statistics is affected by var-
ious biases. The shortest known interval of super-
outbursts is 450 d.
• We reviewed the outburst type and showed repre-
sentative examples of the light curves: type-A out-
bursts (long-duration rebrightening), type-B out-
bursts (multiple rebrightenings), type-C outbursts
(single rebrightening), type-D outbursts (no re-
brightening), and type-E outbursts (double super-
outbursts).
• The outburst type is generally reproduced in each
object on different superoutburst occasions, but
there was an apparent exception in WZ Sge in 1946.
• We presented the updated atlas of early super-
humps.
• Early superhumps are shown to grow during the ris-
ing phase of the superoutburst.
• The amplitudes of early superhumps systematically
decay as the outburst proceeds. The decay is slower
in magnitude scale than flux scale.
• The mean amplitudes of early superhumps are
mostly less than 0.1 mag, and only a few systems
show amplitudes larger than 0.2 mag. We can, how-
ever, detect early superhumps with amplitude larger
than 0.02 mag in 63% of the studied WZ Sge-type
dwarf novae, making early superhumps a useful dis-
tinguishing feature for WZ Sge-type dwarf novae.
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Object Max Min Amp∗ Porb
† PSH
‡ Outbursts§ Remarks‖ References
EZ Lyn 12.0 17.8 5.8 0.05901 0.05954 2006, 2010 B, 2 8, 59, 62, 69, 70,
71, 72, 73, 74, 75,
76, 77, 78, 79, 80,
81
IK Leo 13.9 20.7 6.8 – 0.05631 2006 A, 6 8, 82, 83, 84, 85
SS LMi 15.7 21.9 6.2 0.05664 – 1980, 2006 –, 9, 14 8, 86, 87
GW Lib 8.3 17.2 8.9 0.05332 0.05473 1983, 2007 D, 15 8, 88, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98,
99
V455 And 8.6 16.1 7.5 0.05631 0.05713 2007 D, 2 8, 100, 101, 102, 103,
104, 105, 106
1RXS J023238 10.9 18.2 7.3 – 0.06617 2007 B 8
KK Cnc 12.3 20.7 8.4 – 0.06105 2007 D?, 6, 16 8
OT J111217 11.5 20.9 9.4 0.05847 0.05897 2007 D? 8
DY CMi 11.4 19.4 8.0 – 0.06074 2008 B 8, 107, 108, 109
CRTS J090239 16.0 23.2 7.2 0.05652 – 2008 –, 6, 9 8, 110
V466 And 12.8 21.2: 8.4: 0.05637 0.05720 2008 D, 9 8, 111, 112, 113
CT Tri 14.3 21.7: 7.4: 0.05281 0.05366 2008 –, 6, 9 8, 114, 115
V358 Lyr 15.9 [23.2 ]7.3 – 0.05563 1965, 2008 A, 17 8, 116, 117, 118, 119
CRTS J223003 14.4 21.0: 6.6: 0.05841 – 2009 –, 9 48
SDSS J161027 13.9 20.1 6.2 0.05687 0.05782 1998, 2009 –, 18 48, 120, 121
VX For 12.2 20.6: 8.4: – 0.06133 1990, 2009 B, 6 48, 122, 123
OT J213806 8.4 16.3 7.9 0.05452 0.05502 1942, 2010, 2014 D, 6, 19 48, 62, 124, 125,
126, 127, 128, 129,
130, 131, 132, 133
EL UMa 13.7 20.3 6.6 – 0.06045: 1981, 2003, 2009 B, 20 48, 134
CRTS J104411 ]12.6 19.3 ]6.7 0.05909 0.06024 2010 C, 6, 9 48
∗Amplitude of outburst (mag).
†Orbital period (d).
‡Superhump period (d).
§(Likely) normal outbursts are not listed.
‖Rebrightening type and remarks.
• We computed theoretical light curves assuming the
model by Uemura et al. (2012). The result sup-
ports that the existence of many objects with low-
amplitude early superhumps is consistent with low
inclinations of these systems. The model predicts a
larger number of high-amplitude systems than ob-
servation, which needs to be resolved.
• As reported in earlier works, the outburst type has
a strong correlation with period variation of super-
humps and the orbital period.
• The delay of appearance of ordinary superhumps is
strongly correlated with the orbital period. We con-
sider this is a result of the stronger 2:1 resonance in
short-period systems.
• Using the recently developed method of measuring
mass ratios using developing phase of superhumps
(stage A superhumps), we have been able to measure
mass ratios of many WZ Sge-type objects. Mass
ratios of WZ Sge-type object have a peak around
0.07–0.08.
• We have identified a limit of mass ratio enabling the
2:1 resonance to be 0.09.
• By using these mass ratios, we showed that there
is a linear relation between the period variation of
superhumps and the mass ratio in WZ Sge-type ob-
jects. By using this relation, we were able to draw
an evolutionary picture of a large number of WZ
Sge-type.
• We have identified the type of outburst to be an
evolutionary sequence: type C → D → A → B →
E, with some outliers for type-B objects.
• The duration of stage A (evolutionary phase) of su-
perhumps is also well correlated with the estimated
mass ratios, supporting that this duration reflects
the growth time of the 3:1 resonance.
• By using these new tools (mass ratios from stage
A superhumps) and duration of stage A, we have
been able to identify candidates for period bouncers
better than any existing criteria. Combined with
mass ratios from period variation of superhumps,
some of the objects with multiple rebrightenings are
considered to be period bouncers.
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Object Max Min Amp∗ Porb
† PSH
‡ Outbursts§ Remarks‖ References
SDSS J160501 12.0 19.8 7.8 0.05666: – 2010 –, 9 62
OT J012059 12.3 20.1 7.8 0.05716 0.05783 2010 A/B, 9 62
PT And 15.8 22 6.2: – 0.056 1957, 1983, 1986, 1988, –, 21 136, 137, 138, 139
1998, 2010
OT J230425 ]13.7 21.1 ]7.4 – 0.06628 2010 –, 22 62, 140, 141
MisV1443 12.8 20.5: 7.7: – 0.05673 2011 C 62
V355 UMa 9.9 17.7 7.8 0.05729 0.05809 2011 D 62, 142, 143
OT J210950 ]11.5 18.7 ]7.2 0.05865 0.06005 2011 D, 6, 23 144, 145
SDSS J220553 ]14.4 20.1 ]5.7 0.05752 0.05815 2011 –, 24 144, 146, 147, 148,
149
SV Ari 14.0: 22.1 8.1: – 0.05552 1905, 2011 D, 6, 25 144, 150, 151, 152
OT J184228 11.8 20.6: 8.8: 0.07168 0.07234 2011 E+C, 26 144, 153, 154, 155
BW Scl 9.6 16.5 6.9 0.05432 0.05500 2011 D 144, 156, 157, 158,
159
PR Her 12.9 21.0 8.1 0.05422 0.05502 1949, 2011 –, 144, 160
TCP J061128 ]15.8 [21.0 ]6.2 0.056: – 2011 –, 27 –
CRTS J055721 ]14.7 21.0: ]6.3 – 0.05976 2011 – 144
CRTS J001952 ]15.6 21.5: ]5.9 – 0.05677 2012 – 144
MASTER J211258 14.1 21.3 7.2 0.05973 0.06023 2012 B, 9 161
SSS J224739 11.0 20.5: 9.5: – 0.05667 2006, 2012 B:, 28 162
OT J232727 13.9 21.8 7.9 0.05277 0.05344 2012 –, 9 162, 163, 164
MASTER J203749 14.1 21.3: 7.2: 0.06062 0.06131 2012 B, 9 161
MASTER J081110 ]14.1 22.1 ]8.0 – 0.05814 2012 –, 29 162, 165
SSS J122221 ]11.8 18.8 ]7.0 – 0.07649 2013 E?, 30 166, 167, 168, 169,
170, 171
OT J112619 ]14.8 21.8 ]7.0 0.05423 0.05489 2013 –, 9 162
∗Amplitude of outburst (mag).
†Orbital period (d).
‡Superhump period (d).
§(Likely) normal outbursts are not listed.
‖Rebrightening type and remarks.
• We have shown that the magnitude when ordinary
superhumps appear can be used as a standard can-
dle and have shown that many WZ Sge-type ob-
jects have relatively homogeneous quiescent abso-
lute magnitudes. Candidate period bouncers have
slightly fainter (by 0.8 mag) quiescent absolute mag-
nitudes.
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Table 6. Confirmed WZ Sge-type dwarf novae (continued).
Remarks: 1. The 1946 superoutburst did not show strong rebrightening comparable to A-type (see text in this paper). The quiescent
magnitude is taken from Kuulkers et al. (2011), who reported significant secular variation. 2. Eclipsing system. 3. Porb is taken from
the best estimate of the early superhumps in three superoutbursts (Kato et al. 2014a). The 2007 superoutburst showed rebrightenings
intermediate between type A and B (Uemura et al. 2008b). The 2015 superoutburst lacked early superhumps. Several normal outbursts
have been recorded. For a complete list of outbursts, see Kato et al. (2014a). 4. Early superhumps existed only for a short interval. 5.
Porb is taken from Patterson et al. (1998). This period is not in agreement with the period of early superhumps (Matsumoto et al. 1998;
Kato et al. 2004a). More observations are desired to resolve this discrepancy [see also discussion in Nakata et al. (2013b)]. There was a
well-confirmed normal outburst in 2009 October (Templeton 2009; Lange 2010). 6. Transition to stage C during the superoutburst plateau
was recorded. 7. A well-documented normal outburst was recorded in 1989 March (see O’Donoghue et al. (1991)). Richter (1985) recorded
several outbursts in archival plates, whose nature has not been determined. Porb has been updated to be 0.0760301(1) d using the CRTS
data. The object may better be categorized in long-period systems, but is included in this position since it is one of the most classically
identified WZ Sge-type objects. 8. The outbursts before 1978 were taken from Richter (1986a). It is not clear whether the 1937 and 1938
ones were superoutbursts. 9. Porb is taken from the best estimate of the period of early superhumps. 10. The orbital period is from
Pavlenko and Antonyuk (in prep.). The quiescent magnitude is uncertain due to the close visual companion. The value is taken from Price
et al. (2004). Only two bright historical outbursts in Price et al. (2004) are listed in the table. There were faint (possible) outbursts in 1939
and 1940 (Price et al. 2004). 11. The candidate orbital period is from Kato et al. (2012a). Templeton et al. (2006) reported a spectroscopic
orbital period of 0.0569(5) d. 12. May be a borderline object with the minimum recurrence time of ∼1000 d. Early superhumps have
not yet convincingly recorded. During the 2005 outburst, ordinary superhumps were detected 7 d after the outburst maximum, suggesting
that the phase of early superhumps was not long. The object is selected as a WZ Sge-type object based on the long duration (more than
20 d) of the superoutburst and nearly zero period derivative (Kato et al. 2009a). 13. The minimum magnitude is from CCD images in
our post-outburst images (not plotted in Imada et al. 2006). 14. Superhump variations reported in Shears et al. (2008) were identified
as early superhumps in Kato et al. (2009a). There may have been an outburst in 1991 (Harrison 1991), which may be a confusion with
a nearby field star. 15. The maximum V -magnitude is taken from Vican et al. (2011). The minimum V -magnitude is from preoutburst
AAVSO observations. The object stayed by ∼1 mag brighter after the 2007 outburst. The historically used value (18.5p) in quiescence
appears to be too faint. 16. One-day dip was recorded before the termination of the superoutburst (Kato et al. 2009a). The object was
not well observed after the termination of the superoutburst to detect possible rebrightenings. The maximum V -magnitude is taken from
ASAS-3 prediscovery observation, which is not reflected on GCVS (Samus et al. 2011) and other catalogs. 17. The upper limit for the
quiescent magnitude is from Shears et al. (2010). 18. The 1998 outburst was recorded on one image (15.0 mag, Wils et al. 2010). 19.
The object is a fainter companion of a close visual binary. The minimum magnitude is difficult to estimate and is taken from the AAVSO
VSX page. Hudec (2010) documented the 1942 outburst. 20. The 1981 and 2003 outbursts refer to single-epoch observations. These
outbursts are listed as possible superoutburst based on their brightness. The 2009 outburst was probably detected in the late stage and
only rebrightening part was observed [see discussion in Kato et al. (2010)]. The superhump period listed in the table refers to the one
recorded during the rebrightenings. 21. Spectroscopically confirmed dwarf nova (A. Arai, vsnet-alert 12528). The most likely superhump
period is given (vsnet-alert 12527). Although relatively short recurrence time suggests a system similar to ordinary SU UMa-type dwarf
novae, the long duration of outbursts (cf. Alksnis, Zharova 2000) and possible rebrightening(s) support the WZ Sge-type classification. 22.
Although no early superhumps were present, C. Nakata et al. in preparationre-classified this object as a likely period bouncer based on the
long stage A phase (∼120 cycles). 23. Suspected orbital period detected from modulations during the outburst. 24. The true maximum
was most likely missed for a relatively long period.
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Remarks (continued): 25. The maximum magnitude is from the 1905 observation in Wolf, Wolf (1905) scaled to modern
magnitude. The true maximum in 2011 was most likely missed for a relatively longe period. There was a possible outburst
in 1943 (Duerbeck 1987). 26. One superoutburst with early superhumps and another one with ordinary superhumps. Good
candidate for the period bouncer (Kato, Osaki 2013b). One solitary rebrightening was recorded (Katysheva et al. 2013). 27.
<http://www.cbat.eps.harvard.edu/unconf/followups/J06112800+4041087.html> and vsnet-alert 13871. The period has been tentatively
identified as early superhumps based on the description on this page. 28. The 2012 outburst was probably detected in the late stage and
only rebrightening part was observed [see discussion in Kato et al. (2014b)]. 29. Likely early superhumps were detected. Most of the phase
of early superhumps were likely missed. 30. Double superoutburst resembling OT J184228, although the initial one was not observed in
real-time. Good candidate for the period bouncer (Kato et al. 2013b). 31. Although no early superhumps were present, C. Nakata et al. in
preparationsuggested this object as a period bouncer based on the long stage A phase (∼190 cycles). 32. Red quiescent counterpart. The
long superhump period and the large outburst amplitude suggests a period bouncer. 33. The maximum magnitude is an updated value on
the AAVSO VSX page. 34. Although J. Echevarria reported a spectroscopic period of 0.06164 d based on 2.5-hr observation (vsnet-alert
15832), this period is not consistent with the superhump period. The baseline of the observation was probably too short to determine the
orbital period. 35. There is no SDSS counterpart. The minimum magnitude is from AASVO VSX page. 36. The evolution of superhumps
resembles that of ordinary SU UMa-type dwarf nova. The phase of early superhumps may not have been well recorded (Kato et al. 2014a).
37. The object showed a precursor outburst, rather than early superhumps. The long phase of stage A superhumps, slow decline and
multiple rebrightenings suggest that the object is a period bouncer and we classify it as a WZ Sge-type (C. Nakata et al. in preparation).
38. The reported discovery magnitude (12.7 mag) is probably overestimated by 0.5 mag (D. Denisenko, vsnet-alert 17188). The maximum
magnitude is taken from Stanek et al. (2014b). The quiescent counterpart is somewhat unclear (vsnet-alert 17188). The superhump period
is from an analysis of the VSNET data. 39. Range from AAVSO VSX page. 40. Maximum V -magnitude is from vsnet-alert 17324 (H.
Maehara). Candidate period bouncer from the estimated q value (Kato et al. 2015). 41. Possible stage C superhumps. 42. The initial part
of the outburst was missed due to the gap in the observation. 43. Included because of delayed appearance of ordinary superhumps and
large outburst amplitude. The minimum magnitude is taken from the AAVSO VSX page. 44. Included because of delayed appearance
of ordinary superhumps and large outburst amplitude. Likely not an extreme WZ Sge-type object based on the behavior of superhumps
(Kato et al. 2015). 45. The possible CRTS detection reported in Balanutsa et al. (2015) was on 2009 October 23 at 14.0 mag. 46. The
early part of the outburst was not observed. May be classified a long-period system. 47. During the 2008 superoutburst, a delay in the
appearance of ordinary superhumps and likely early superhumps were detected (Kato et al. 2009a). 48. Several possible normal outbursts
were recorded, including the well-observed one in 2001. Romano (1964) reported a faint outburst (likely a faint superoutburst) in 1961.
The maximum magnitudes of the superoutbursts vary significantly from outburst to outburst. Early superhumps were detected during the
2003 superoutburst (Maehara et al. 2007). 49. Long-period system with a large outburst amplitudes. The phase of early superhumps was
probably missed. 50. Object below the period minimum (hydrogen-depleted system). The 2013 and 2014 superoutbursts were both WZ
Sge-type ones separated by less than 500 d.
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Full names of abbreviations: ASAS J102522−1542.4 (ASAS J102522), 1RXS J023238.8−371812 (1RXS J023238), OT
J111217.4−353829 (OT J111217), CRTS J090239.7+052501 = CSS080304:090240+052501 (CRTS J090239), CRTS J223003.0−145835
= CSS090727:223003−145835 (CRTS J223003), SDSS J161027.61+090738.4 (SDSS J161027), OT J213806.6+261957 (OT
J213806), CRTS J104411.4+211307 = CSS100217:104411+211307 (CRTS J104411), SDSS J160501.35+203056.9 (SDSS J160501),
OT J012059.6+325545 (OT J012059), OT J230425.8+062546 (OT J230425), OT J210950.5+134840 (OT J210950), SDSS
J220553.98+115553.7 (SDSS J220553), OT J184228.1+483742 (OT J184228), TCP J06112800+4041087 (TCP J061128), CRTS
J055721.8−363055 = SSS111229:055722−363055 (CRTS J055721), CRTS J001952.2+433901 = CSS120131:001952+433901 (CRTS
J001952), MASTER OT J211258.65+242145.4 (MASTER J211258), SSS J224739.7−362253 = SSS120724:224740−362254 (SSS
J224739), OT J232727.2+085539 = PNV J23272715+0855391 (OT J232727), MASTER OT J203749.39+552210.3 (MASTER J203749),
MASTER OT J081110.46+660008.5 (MASTER J081110), SSS J122221.7−311523 = SSS130101:122222−311525 (SSS J122221), OT
J112619.4+084651 = CSS130106:112619+084651 (OT J112619), OT J075418.7+381225 (OT J075418), TCP J15375685−2440136
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J061335), MASTER OT J005740.99+443101.5 (MASTER J005740), OT J013741.1+220312 = CSS140104:013741+220312 (OT J013741),
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J230523), OT J030929.8+263804 = PNV J03093063+2638031 (OT J030929), MASTER OT J085854.16−274030.7 (MASTER J085854),
MASTER OT J004527.52+503213.8 (MASTER J004527), CSS J174033.5+414756 = CSS130418:174033+414756 (CSS J174033)
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